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David tells 
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Welcome 


The majesty of the aurora returns in an unexpected way 


Now it’s darker for 
longer, aurora season 
beckons: there’s the 
promise of 
shimmering displays 
of ethereal light, if 
only we in the UK 
were under the 
auroral oval. But help 
is at hand: Will Gater 
explores the online revolution that has quietly 
been taking place in recent years, which now 
brings stunning auroral displays whatever 
the weather. High-quality cameras, increased 
bandwidth and better streaming technology 
mean that you can now watch nature at its 
most beautiful on a screen at home! Turn to 
page 33 to find out how. 

Now with its own category, there were 
many aurora images submitted to this year’s 
Insight Astronomy Photographer of 
the Year competition, and we’re particularly 
proud to be bringing you the winning shot 
in this issue. Of course, the Northern Lights 
are just one of eight categories and two 
special prizes that now make up the expanded 
field — a field that has grown alongside the 
competition since its inaugural year in 
2009. Turn to page 38 for the gallery of 
this year’s winning images. 

If imaging is your passion, you'll find 
some of the month’s top targets in our 
observing tour this month, crafted by Steve 
Richards and starting on page 66. This is 
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a tour with a difference, which caters for 
ranging levels of light pollution. You'll find 
the best imaging targets under the darkest 
skies, but if like many of us the sky near 
you is awash with sky glow, you'll also find 
suggestions for city skies, suburban skies 
and rural skies. Keep looking up! 


Chris Bramley Editor 
PS Next issue goes on sale 20 October 
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ESA/HUBBLE & NASA 


Call 


NGC 2337 shows the destructive effect 


of galactic encounters, but also hints at 


how they can restore life to. aged galaxies 


HUBBLE SPACE TELESCOPE, 8 AUGUST 2016 


When we think of galaxies, what often 
springs to mind is a well-defined spiral 
shape with distinct arms. Yet nature is not 
always so uniform. Here we see NGC 2337, 
an irregular galaxy 25 million lightyears 
away in the constellation of Lynx. While it 
makes for a beautiful astrophoto, it is also 
obviously lopsided and lacks any kind of 
distinct shape, which is why we refer to 

it as an ‘irregular’ galaxy. 

Galaxies of this type provide astronomers 
with an opportunity to see how massive 
cosmic bodies interact with each other. It’s 
thought that NGC 2337 may once have had 
a defined shape long ago, but may have been 
deformed by the gravitational pull of one of 
its galactic companions passing by. 


As well as influencing the shape of 
the galaxy, if such an interaction did 
occur, the energy generated during the 
encounter could well have reignited star 
formation. This may explain the pockets 
of bright blue and white scattered about 
the galaxy among older stars and cosmic 
gas. These are fiercely hot young stars 
that have just been born, and could be 
evidence of how ageing galaxies can be 
revitalised and given a new lease of life 
by younger ones. 
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ROSETTA SPACECRAFT, 2 SEPTEMBER 2016 


Rosetta’s Philae lander has been found. It was lost after bouncing during 
its landing on comet 67P/Churyumov-Gerasimenko on 12 November 
2014, ending up in Abydos on the comet's smaller lobe. Apart from brief 
communications in June and July 2015, Philae has been in hibernation, 
its exact location unknown. This image captured by Rosetta finally 
revealed its hiding place: a crack in the comet's surface. 


Cassini’s cloud capture > 


CASSINI SPACECRAFT, 9 AUGUST 2016 


Saturn’s clouds drift across its northern hemisphere in this false- 
colour view captured by the Cassini spacecraft that looks akin to 
oil floating on water. It was taken by the spacecraft’s wide-angle 

camera using filters sensitive to infrared light, and the data was 

processed by Kevin M Gill of NASA’s Jet Propulsion Laboratory. The 
filters used by Cassini enable scientists back on Earth to measure 
and analyse cloud structures in the ringed planet’s atmosphere. 
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Little and large 


YURI BELETSKY, D MARTINEZ-DELGADO, 25 JULY 2016 


While this image was captured from ESO’s La Silla Observatory in Chile, 
it is the product of a CCD camera rather than a massive telescope. It 
shows the Large and Small Magellanic Clouds. The majority of the image 
is in white, with black points denoting stars, while the two galaxies have 
been overlaid in colour. Capturing in monochrome is a technique that 
helps imagers avoid the noise of sources other than the desired target. 


JUNO SPACECRAFT, 27 AUGUST 2016 


NASA's Juno spacecraft is currently orbiting Jupiter as part of its 
20-month mission to study the gas giant. Juno took this image 
703,000km from the planet during an orbital flyby on 27 August; this 
orbit also took it 4,200km above the clouds, the closest it will get. 

The spacecraft is due to complete 35 more flybys during its mission, 
collecting information that scientists hope will solve the mysteries of 
Jupiter’s atmosphere, magnetosphere and internal structure. The 
mission will end when Juno deorbits into the planet in February 2018. 


<4 Same time, 
same place 


VLT SURVEY 
TELESCOPE, 
10 AUGUST 2016 


In the upper left 
section of this view 
of Sagittarius lies a 
group of bright blue 
stars known as open 
cluster M18. This type 
of star cluster is 
formed from the 
same cloud of cosmic 
gas at the same time, 
and thus provides 
astronomers with an 
amazing opportunity. 
Because the stars 
differ only in size, 
but not their age, 
distance from Earth 
or chemical makeup, 
astronomers can 
study them to learn 
more about how 
stars form and evolve. 
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BULLETIN OCTOBER 11 


Bulletin 


The latest astronomy and space 


CUTTING 


14 CHRIS LINTOTT 


16 LEWIS DARTNELL E DG E 


Our experts examine the hottest 
new astronomy research papers 


ESO/M. KORNMESSER 


news written by Elizabeth Pearson 


CLOSEST EXOPLANET 


EVER FOUND 


Proxima b lies in the habitable zone of its star 


AN EXOPLANET HAS been discovered orbiting 
the closest star to Earth, Proxima Centauri, 
and it could be habitable. Proxima b is at least 
1.3 times the Earth’s mass and lies a mere 
4.22 lightyears away. It orbits its parent red 
dwarf star every 11 days at a distance only 
five per cent of that between Earth and the 
Sun. However, as the smaller star is much 
cooler this puts the new world in its habitable 
zone, where the temperature allows liquid 
water to exist on the surface. 

Researchers made the discovery by observing 
Proxima Centauri with the ESO 3.6m Telescope 
in Chile for 60 nights. This uncovered the star’s 
tell-tale wobble, caused by the gravitational tug 
of an orbiting planet. 

Though the exoplanet is Earth-sized, it’s 
unlikely to be Earth-like. The close orbit means 
that Proxima b is probably tidally locked, with 


the same side of the planet always facing the star. 
This would cause extreme temperature differences 
between its day and night sides. The dwarf star’s 
proximity would result in the alien world being 
blasted with radiation, stripping away any 
atmosphere. A magnetic field, however, could 
mean the planet is protected from this onslaught. 

New observations are already planned to 
investigate Proxima b’s climate and atmosphere 
further, as well as to discover what the world is 
composed of — and whether water does indeed 
exist on the exoplanet. 

“These questions are central to unlocking 
Proxima b’s potential habitability and 
determining if our nearest galactic neighbour 
is an inhospitable wasteland, an inhabited 
planet or a future home for humanity,” says 
Rory Barnes from the University of Washington. 
> See Comment, right 


might find life outside 
of our Solar System 
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COMMENT 
by Chris Lintott 


One of my favourite The 
Sky at Night interviews 
was with Steve Squyres, 
principal investigator for 
the wonderful Mars rovers 
Spirit and Opportunity. 
He had exciting news to 
share, evidence for an 
ancient ocean on Mars, 
but there was a catch 
— it was likely to have 
been more acidic than 
sulphuric acid. 

| was disappointed. 
An acid ocean is far from 
the Earth-like paradise 
| wanted early Mars to be. 
Steve firmly told me off. 

We go to Mars, he 
said, because it’s Mars, 
not because it’s Earth. 
Every difference between 
the two represents another 
puzzle to be solved, and 
every solution progress in 
understanding planets. 

So get excited about 
Proxima b, a new world 
just over there, but let’s 
remember that its 
presence is exhilarating 
even if it is a flare-blasted 
hellscape. We should go 
— soon — to Proxima b 
precisely because it has 
its own story to tell, not 
because it might provide 
a taste of home. 


\o 
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CHRIS LINTOTT co-presents 
The Sky at Night 
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FEEDING FRENZY 
The Milky Way gorged 
itself for a brief period six 
million years ago. X-ray 
images from the XMM- 
Newton space observatory 
uncovered a huge bubble 
in the fog of superheated 
gas that permeates our 
Galaxy, created when a 
huge amount of material 
fell onto the central black 
hole. While some was 
swallowed up, other gas 
rebounded with a speed 
of 1,000km/s. Now, six 
million years later, the 
shockwave has travelled 
20,000 lightyears from 
the galactic centre, 


clearing out gas as it 
passed, forming the 


co THE STAR THAT 


DEFIES AGE 


SPACEX ROCKET The strange object appears to be both young and old 


EXPLODES ON PAD 


A SpaceX Falcon 9 rocket 


exploded on the launch 
pad on 1 September young, according to imagery from NASA. the mystery. They discovered that the 


during a pre-launch static IRAS 19312+1950 is around 10 times as massive surrounding cloud was blocking out much 
fire test at Cape Canaveral. as the Sun and 12,000 lightyears from Earth. of the stellar light, and it now appears the 
No-one was injured, but Determining its age has been complicated by star is much brighter than first anticipated, 
its $200 million satellite the fact that some markers suggest the star is emitting around 20,000 times the energy 
payload was lost. “The far along its evolutionary track — perhaps a red of the Sun. In addition, the cloud appears 
anomaly originated giant — while other indicators point to a star to be collapsing towards the star. Both of 


around the upper stage : wou : Sone 
axyaen tarleand Secured just beginning to form. these findings suggest a youthful object, in 


during propellant loading 


of the vehicle,” SpaceX 
announced via its Twitter trying ever since to decide how far along its embryonic stage, getting near the end of its 


account. The company development it is,” says Martin Cordiner from accretion stage — the period when it pulls in 
hopes to relaunch a NASA’s Goddard Space Flight Center (GSFC). new material to fuel its growth,” says Cordiner. 
rocket that has already Radio signals produced by vibrating silicon The star’s dual personality still poses a great 


“oe His in space oxide and hydroxyl molecules have been mystery. Current theories are either that it 
ater this year. 


A STRANGE STAR that had previously been The researchers turned to the Herschel 
thought ancient might actually be extremely and Spitzer space telescopes to help untangle 


“Astronomers recognised this object as the early stages of forming. 
noteworthy around the year 2000 and have been “We think the star is probably in an 


observed coming from the star; these are is an elderly object, somehow surrounded 
almost exclusively produced in very elderly by youthful material, or it is in fact two 
stars. It is also surrounded by a cloud of gas objects so close to each other that they 
and dust, such as those created by material are being observed as one. 

blowing off a star in its red giant phase. “No matter how one looks at this object, 
However, this cloud was found to be 500-700 it’s fascinating, and it has something new 
solar masses in size, far too large to originate to tell us about the life cycles of stars,” says 
in this way, and its chemistry is more like that Steven Charnley from GSFC. 

found in a stellar nursery. www.nasa.gov/goddard 


DOKKUM/ROBERTO ABRAHAM/GEMINI/SLOAN DIGITAL SKY SURVEY, NASA, X-RAY: NASA/CXC/UNIVERSITE PARIS/T. 


MARK A. GARLICK/CFA, TWITTER.COM/GIRLIETONERDY/HANDOUT/REUTERS, NASA/JPL-CALTECH X 2, PIETER VAN 
WANG ET AL/INFRARED: ESO/ULTRAVISTA; RADIO: ESO/NAOJ/NRAO/ALMA 
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The Milky Way’s dark twin 


The galaxy is the largest of its kind ever found 


A GALAXY WITH the mass of our own but makes up the shortfall. “Motions of the stars tell 
made almost entirely of dark matter has been you how much matter there is. In the Dragonfly 
found. The galaxy, Dragonfly 44, has less than galaxy stars move very fast. So there was a huge 
one per cent of the stars of the Milky Way, butif | discrepancy: using the Keck Observatory we 
this were the full story the star cluster would found many times more mass indicated by the ' ible f ; 

‘ : ; : ‘ e responsible for their 
have torn itself apart long ago. By measuringthe motions of the stars, than there is mass in the differences. The study first 
galaxy’s stellar speeds, the team found it must stars themselves,” says Pieter van Dokkum from adjusted for effects due 
have a mass comparable to the Milky Way to Yale University. 
hold itself together. It’s thought dark matter www.keckobservatory.org 


A survey of 152 brown 
dwarfs has shown climate 
and weather are likely to 


to age or initial chemical 
composition, but huge 
variation remained. 

“| consider young brown 
dwarfs to be siblings of 
giant exoplanets. As 
family members, we can 
use them to investigate 
how the planetary aging 
process works,” says 
Jaquelline Faherty from 
the Carnegie Institution 
of Science. 


Dragonfly 44 has a 


halo of stars similar to 
our own Milky Way 


VENUS COULD HAVE BEEN HABITABLE 


IT MIGHT NOT have always been as hellish on the solar heating. The result is mean climate 


The most distant galaxy 
cluster ever has been seen 
11.1 billion lightyears from 
Earth. CL K1001+0220 
contains 11 galaxies, nine 
of which are currently 
going through a time of 
incredible star formation. 
“It appears that we have 


Venus as it is today — computer simulations 
suggest that the planet could have been 
habitable for its first two billion years. 
The new climate models created by NASA’s 
Goddard Institute for Space Science (GISS) é 
: we are now searching 
suggest that Venus was once much like Earth, for may have been 
with oceans of water, but its slow day-night ; next door, in the captured this galaxy 
cycle (lasting nearly 117 Earth days) et distant past cluster ir ae pid 
combined with its proximity to the ; paar 
. a loose collection of 
Sun caused them to boil away. isdees 
: i galaxies into a young, but 
This resulted in a runaway fully formed, galaxy cluster,” 
greenhouse effect, and now says David Elbaz from the 
daytime temperatures on the 


temperatures that are actually a few degrees 
cooler than Earth’s today.” 
www.giss.nasa.gov 


The Earth-like world 


French Alternative 
planet can reach 462°C. 

“In the GISS model’s 
simulations, Venus’s slow 
spin exposes its day side 
to the Sun for almost two 
months at a time,” says 
GISS scientist Anthony 
Del Genio. “This warms 
the surface and produces 
rain that creates a thick 
layer of clouds, which acts 
like an umbrella to shield 
the surface from much of 


Energies and Atomic 
Energy Commission, 


which led the study. 


Chandra X-ray (colour) 


NASA/CXC/IOA/A.FABIAN ET AL 


CUTTING 


Our experts examine the 
hottest new research 


The sound of space 


Bubbling gas causes quite a racket in 


n the constellation of Perseus, there 

is a large cluster of galaxies, one of 
the most massive known anywhere 

in the Universe. Travelling among the 
1,000-plus galaxies that form the cluster’s 
membership is the lowest note ever detected; 
sound waves vibrate the cluster’s hot gas at 

a frequency equivalent to a B-flat note some 
57 octaves below a piano’s middle keys. 

This note was ‘discovered’ back in 2003, but 
a new paper by Andy Fabian of the University 
of Cambridge’s Institute of Astronomy and 
colleagues shows it might be more than just a 
curious entry in the Guinness Book of Records. 

The presence of sound waves seems to solve 
a long-standing mystery about the behaviour of 
hot gas in clusters like the Perseus one. The gas 
is surprisingly important, accounting for the 
majority of the mass in such objects, and it is 
hot enough to make the Perseus Cluster the 
brightest object in the sky in X-ray telescopes. 

But how does it stay hot? The gas should cool, and 
as it cools sink into the centre of the cluster, where 
it would presumably trigger a new wave of star 
and galaxy formation, the likes of which we don’t 
see anywhere. Something must instead be heating 
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galaxy clusters 


Chandra X-ray (sound waves) 


4 The central region of 
the Perseus Cluster as 
seen by Chandra; sound 
waves may be keeping this 
region from cooling down 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


the gas, injecting energy to keep it excited. The 
galaxy at the centre of the cluster - NGC 1275, 
Perseus’s equivalent of Virgo’s M87 — has a 
powerful active nucleus, where material is 
pouring onto the central black hole. As is typical 
for such systems, jets shooting out from the region 
near the black hole have a profound effect on 

their surroundings, with large bubbles in the 

gas easily visible in X-ray images. 

But it’s not clear if this activity amounts to a 
transfer of enough energy to keep the cluster’s 
gas hot. Previous studies have concentrated on 
physical waves, those governed by the same physics 
as those on the sea, but found that only about one 
per cent of the energy ends up in the gas. 

Before it suffered a catastrophic, mission-ending 
failure earlier this year, the Japanese Hitomi satellite 
managed to observe the cluster. Its observations 
showed clearly that there simply isn’t enough 


power; the waves would have to be 10 times larger at 
least to keep the gas from collapsing inwards. 

Enter the sound waves, which carry energy 
at (naturally enough) the speed of sound, which 
in the cluster is about a 1,000km/s. What’s more, 
simulations show that the sound waves seen in 
the Perseus Cluster clearly have enough power 
to keep the gas buoyant. 

What seems to be happening is that the active 
nucleus feeds messily. That means that its activity 
varies. It has, in fact, brightened and faded by a 
factor of 30 over the past 40 years. This unsteady 
activity blows bubbles, launches sound waves into 
the surrounding gas and sets what cold gas there 
already is sloshing around. 

Combined, these activities heat the cluster’s gas 
and prevent a sudden flow of newly cooled gas 
toward the centre of the cluster. Without the sound 
waves, the cluster would look very different indeed, 
and the cluster would be a lot less interesting. All in 
all, it’s a result worth making noise about. 


CHRIS LINTOTT was reading... Do soundwaves 
transport the AGN energy in the Perseus Cluster? 
by A C Fabian et al 

Read it online at http://arxiv.org/abs/1608.07088 
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Mercury volcanism ended early 


Lava ceased to flow one billion years after the planet's formation 


PHOE 
Grooves on Mars’s moon 
might finally be explained 
by new simulations from 
the University of California 


VOLCANIC ACTIVITY ON Mercury froze out 
around 3.5 billion years ago, much sooner than 
other planets within the Solar System. Researchers 
were able to pin down the date by counting impact 


craters in images taken from NASA’s Messenger ~ they result from delayed 

spacecraft. Lava flowing across the surface secondary impacts after 

eradicates these over time, so their number a meteor strike. 

indicates when volcanism stopped. Phobos is so tiny that 
“Mercury has a much smaller mantle, where ejecta from large impacts 


can escape its gravity. But 
the debris can still be 
caught in Martian orbit, 


radioactive decay produces heat, than those of other 
planets, and so it lost its heat much earlier,” says 


Paul Byrne from North Carolina State University. floating 9,000km above 
“As a result, Mercury began to contract, and the the planet's surface 
crust essentially sealed off any conduits by which alongside the moon. 
4 Mercury’s surface appears iridescent in the enhanced- ™agma could reach the surface.” Simulations have shown 
colour Messenger images used to determine the date http://messenger.jhuapl.edu that before the debris has 


LOOKING AT THE nothingness between 
galaxies, rather than the stars within them, may 
be the next advancement for astronomy. 

Researchers have found that focusing on the 
voids helps pin down measurements of how the 
visible matter is clustered with a precision four 
times greater than previous measurements. The 
new results will help astronomers testing 


Einstein’s theory of relativity. 


“We're looking for bits of evidence that general 
relativity might be wrong, and it turns out that all 
the activity in galaxies makes those tiny effects 
harder to see. It’s easier to pick up on effects in 
the voids, where there’s less distraction,” says 
Paul Sutter from Ohio State University. Simulations of the Universe reveal large, empty more than a chance 


https://www.osu.edu 


Looking back Siy@Night 
October 1963 


On 11 October 1963, the Sky at 
Night team discussed the latest 
developments in measuring the 
size of our expanding Universe. 

It had been 4O years since Edwin 
Hubble proved that the Milky Way 
was not the limit of our Universe, but 
despite advancements in telescopes 
it was still difficult to accurately 
measure the distance to the far 
reaches of space due to a lack of 
bright galaxies. That changed in 
1962 when a new type of super 


time to spread out, it is 
recaptured by Phobos, 


STARING INTO THE GALACTIC VOIDS sie rae 


which resembles a groove. 


TONI 
Scotland's two oldest stone 
circles, Callanish on Lewis 


and Stenness on Orkney, 
have been found to have 


expanses amid the cosmic web of galaxies alignment with the Sun 
and Moon in a statisical 
analysis of the relationship 
between them and the 
surrounding landscape. 
“This research is finally 
proof that the ancient 
Britons connected the 
Earth to the sky with their 
earliest standing stones, 
and that this practice 
continued in the same way 
for 2,000 years,” says Dr 
Gail Higginbottom from 
University of Adelaide. 


bright galaxy, a quasar, 

had its distance measured 

by Maarten Schmidt and 

Bev Oke. They determined 

that quasar 3C 273 was 

2.4 billion lightyears away. 
Since then the size of our 

observable Universe has 

been placed at over 90 billion 

lightyears across, though it’s 


NASA/JHU APPLIED PHYSICS LAB/CARNEGIE INST. WASHINGTON, NICO HAMAUS/UNIVERSITATS-STERNWARTE MUNCHEN/ COURTESY OF 


THE OHIO STATE UNIVERSITY, ESA/HUBBLE & NASA, NASA/JPL-CALTECH/UNIVERSITY OF ARIZONA, ©DOUGLAS SCOTT 


thought that the real size of the 4 3C 273 is a quasar, or quasi- 
Universe could be much larger; stellar radio source, within a 
perhaps even infinite. giant elliptical galaxy in Virgo 
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CUTTING 


Our experts examine the 
hottest new research 


The riddle of the rings 


Concentric craters on the Moon seem to be 
concentrated on the shores of lunar maria 


ost impact craters on the Moon 

fall neatly into one of two categories: 
smaller craters with a simple 
excavated bowl shape, and larger 
ones sporting a central mountainous peak where 
the ground rebounded back up again after the 
impact shock. But there are also some niggling 
examples of a very different kind of craters, with 

a far more complicated shape. These are the 
so-called ‘concentric craters’ — a bowl-shaped 
crater with a doughnut-shaped ring in the middle. 
Their formation is something of a mystery. 

Many working hypotheses on how these weird 
craters formed have been proposed over the past few 
decades. For example, are they formed by meteoroids 
that have been ripped apart by tidal forces into a 
string of fragments that then successively hit into 
the same point, or by impacts into two-layered 
surfaces? Or perhaps the inner concentric ring isn’t 
formed by an impact but by geological processes, 
like a volcanic dome, or by magma accumulating 
underneath and lifting up the crater floor. But 
there’s no consensus in the community as to which 
of these competing explanations might be right. 
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4 These craters have posed 
a puzzle for decades; this 
unnamed specimen is close 
to crater Endymion 


LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


To try to tease apart all these possible formation 
mechanisms and work out which explanation 
is the most likely, David Trang and his colleagues 
at the University of Hawaii surveyed over 100 
lunar concentric craters. They categorised them 
all based on their age, location on the Moon, 
exact shape and size, and composition, and 
looked for patterns in the data. 

By doing this, Trang and team discovered some 
common features of these concentric craters: all 
are unusually shallow, the concentric ridge has 
a very similar composition to the surrounding 
lunar surface, and most of the craters are older 
than 3.2 billion years. But perhaps most striking 
is the distinct pattern spotted in where concentric 
craters appear: they are strongly clustered along 
the boundaries of the lunar maria. 

Bearing these patterns in mind, they took eight 
different impact and geological hypotheses that 
have been proposed to explain the formation of 
concentric craters and considered each of them 


against how well they fit with these observed features. 
One by one they ruled-out the various impact-related 
ideas, and came to the conclusion that the most 
likely mechanism for the formation of these curious 
craters was due to igneous intrusions — magma 
pushing up into fractures and cracks beneath the 
crater floor and so raising the central ring. 

The key pattern supporting this mechanism is the 
fact that concentric craters are only found around 
the edge of the mare regions, which still had a lot of 
volcanic or igneous activity during the time the 
concentric craters formed. The reason we only see 
concentric craters along the edges of maria and not 
in the middle is probably that impacts here would 
have been filled in by lava flows. 

What’s interesting is that a few concentric craters 
have also been spotted on Mars and Mercury, and 
so this same mechanism may also explain similar 
craters across the Solar System. 


LEWIS DARTNELL was reading... The origin of lunar 
concentric craters by David Trang, Jeffrey J Gillis-Davis, 
B Ray Hawke Read it online at hitp://dx.doi. 
org/10.1016/j.icarus.2016.06.001 
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“T don’t need 
acunning 
plan to 
defeat 
dementia.” 


Sir Tony Robinson 
Alzheimer’s Society Ambassador 


I don’t have the foggiest idea how to kick dementia into the history books. 
Thankfully I don’t need to, because I can help the people who do. 


When dementia took my Mum and Dad I made a pledge that I didn’t want 
my grandchildren to fear going the same way, so I’m leaving a gift in my 
Will to Alzheimer’s Society. Without gifts in Wills one in four of Alzheimer’s 
Society projects would not be funded, affecting both crucial research 

and vital local services. I’m sure you also want to create a dementia-free 
future for your family, but without gifts in Wills it could remain a dream for 
generations to come. 


Please join me by leaving a gift in your Will to Alzheimer’s Society. 
For your free Will Guide, please call the charity’s Legacy team on: 


0370 011 0290 


Alternatively for more information visit: 


alzheimers.org.uk/tonyrobinson oaaiheran 


against dementia 


4 9 
Alzheimer’s 
e@ 
Alzheimer’s Society operates in England, Wales and Northern Ireland. Ne Jie with Society 
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Registered charity no. 296645. confidence 
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What's on 


Our pick of the best events from around the UK 


INSIGHT 
ASTRONOMY 
PHOTOGRAPHER 


OF THE YEAR 
* 


4 The top images from this year’s competition feature in a new planetarium show 


Tour the Cosmos with IAPY 2016 


Peter Harrison Planetarium, Royal Observatory Greenwich, throughout October 


The winners of this year’s Insight Astronomy images submitted in 2016 and hosted 


Photographer of the Year competition by a Royal Observatory Greenwich 
were announced at a special ceremony astronomer, the show takes its audience 
at the Royal Observatory Greenwich on a grand tour of Earth, the Solar 

on 15 September. The competition System and wider Universe. Travel 
encourages astrophotographers from beyond the stars in this amazing show, 
around the world to submit their playing at the observatory’s state-of-the- 
images of the cosmos, and 2016 art planetarium, and see the work of 
saw 11 winners selected out of over some of the best astrophotographers 
4,500 entries from 80 countries. capturing the cosmos today. 

The shortlisted astrophotos from this Admission is £7.50 for adults, £5.50 
year’s competition form a brand new for children, £6.50 for concessions and 
planetarium show at the Peter Harrison £20 for families. For more information 
Planetarium in the observatory’s and booking, go online. 


Astronomy Centre. Using some of the top += www.rmg.co.uk 


THE SKY AT NIGHT IN OCTOBER 
EXE Four, 9 October, 10pm (first repeat YEN Four, 13 October, 730pm)* 


dg. ROSETTA’S MISSION FINALE 
lp 3 ny : On 30 September ESA’s Rosetta 
és probe is due to end its mission by 
B crashing into comet 67P/ 

} Churyumoy-Gerasimenko. The 
team will be at mission control in 
Germany to watch events unfold, 
and look back on what Rosetta has 
a discovered about the nature of 
comets and the early Solar System. 


Rosetta has given us plenty to talk about = *Check www.bbc.co.uk/skyatnight 
in the lead up to its fatal swan song for subsequent repeat times 


WHAT’S ON OCTOBER 19 


Observe the Orionids 


Scottish Dark Sky Observatory, East Ayrshire, 
21 & 22 October, 9pm 


The Orionid meteor 
shower is visible from 
early October through 
to November, peaking 
this year in the very 
early hours of 21 
October. Join the 
Scottish Dark Sky 
Observatory for 

some meteor spotting 
at the shower’s peak. The event includes an introductory 
talk, a tour of the observatory and the chance to 

look through its telescopes. Admission is £12 for 
adults and £8 concessions. 
www.scottishdarkskyobservatory.co.uk 


Manchester Science Festival 


Various locations, beginning 20 October 


Hold and study real 

pieces of the Moon brought 
back by Apollo astronauts, 
join Dr Katherine Joy as 
she discusses Antarctica 
meteor-hunting, discover 
the science of Star Wars 

— 3 and hear the franchise's 
soundtracks performed by a live orchestra. Plus, 
electronica outfit Public Service Broadcasting (pictured) 
play their album The Race For Space in its entirety 

and discuss the history behind the songs. 
www.manchestersciencefestival.com 


re Evening and 
Telescope Surgery 


Nottingham Astronomical Society, The British 
Geological Survey, Keyworth, 6 October, 7.30pm 


Join Nottingham 
Astronomical Society 
for an open evening 
to welcome beginners 
and assist established 
astronomers. Various 
telescopes and mounts 
- will be set up for use 
during the evening, and NAS members will be on 
hand to offer help and practical advice to those 
struggling with their observations. Admission is free. 
www.nottinghamastro.org.uk 


MORE LISTINGS ONLINE 


Visit our website at www. What's on 
skyatnightmagazine.com/ 

whats-on for the full list of 

this month’s events from 

around the country. 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at the 
bottom of the page. 
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Astroshop 


A new generation of observatories at 


Unbeatable prices 


NEW 


The best newcomer of 2016 - The Canadian manufacturer NexDome has brought a 
revolutionary new observatory dome design onto the market. The major feature is a modular 
design with two significant advantages - low transport costs and straightforward 
construction which takes just a Few hours. Never before has a top observatory been so 


affordable! 

Astroshop is the European distributor for NexDome. We can deliver from ou 
for only 60 Euros within Germany and for only 150 Euros within the rest of 
course, we can naturally also provide advice and service for NexDome 


r warehouse here 
Europe. And, of 
observatories. 


THE ADVANTAGES 
» Internal diameter of 2.2 meters can provide the appropriate motors » Solarkote® coating protects 
provides enough space for a 14 inch and control units. against UV radiation and ensures 


SOMME S seas grein arg (Om » The number of compartments for 


high weather resistance for all 


focal length refractor. : parts. 
accessories can be freely selected - 

» Observation window can be opened up to six of these storage accessory » 5 years warranty on all ABS parts. 
beyond the zenith. bays are possible. 

» The dome can be easily rotated by » Should any part of the observatory -~ 30355 ape 0.00 
hand thanks to the lightweight ABS ever be damaged, it can be indivi- auc Wee 
plastic construction, but it can also dually and inexpensively replaced i ee - Ee eeeoe a 
be motorized at no great cost - we thanks to the modular design. soir ES. 


Enter the product number into the search field! 


> More on NexDome.co.uk! 


Q Address &, Phone Z Mail 


Astroshop.co.uk + c/o nimax GmbH 2 j 
Otto-Lilienthal-StraRe 9 - 86899 Landsberg - Germany +49 8191 94049-61 service @astroshop.co.uk 
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A PASSION FOR SPACE OCTOBER 21 


his year Iam 
extremely 
excited about 
celebrating 
50 years of Star Trek. 
The original series was 
quite formative for me 
growing up, fuelling 
my desire to know 
more about space and 
my aspirations to one 
day get out there. 
But as much of me 
celebrates, part of me 
is a little frustrated. 

Star Trek promised 
so much — with warp 
drive engines allowing 
faster than light travel, 
the Galaxy was our 
playground. It was not until I went to 
university that I realised that these speeds 
really were science-fiction and that our 
play area was confined to the Solar System. 
Even with these limitations, much has 
been discovered and I think we have made 
the most of our limited speed exploring 
our local system. 

The discovery of exoplanets in recent 
years reignited some of the frustration. 
As the search for life within our Solar 
System hasn’t borne fruit (yet), we’ve 
been able to take our technology to the 
next level and get tantalising glimpses of 
planets orbiting other stars. The variety 
of planets out there and their sheer 
quantity has surprised us, and we have 
been able to work out all sorts of things 
about these planets — in some cases even 


with Maggie Aderin-Pocock 


The Sky at Night presenter on the frustrations of 
Star Trek and the discovery of exoplanet Proxima b 


Pretty much the only thing from Star Trek 
now common in everyday life is the most 
pedestrian: automatic doors 


analysing their atmospheres. But until 
very recently the closest exoplanet that had 
been detected was 10 lightyears distant. 


The Proxima dream 
The recent detection of Proxima b brings the 
game much closer. This is a planet orbiting 
our next closest star, 4.2 lightyears away. 
Even at this distance information sent and 
returned from the planet would have a 
round trip of about 8.5 years — a slightly 
stilted conversation if anyone was out 
there! And it is a challenge to work out if it 
does harbour life: the planet is not ideally 
suited to transitory observations so analysis 
of its atmosphere is likely to be difficult. 
As well as the discovery of Proxima b 
there’s been another announcement that 
makes me feel heartened that we are closer 


to the Star Trek dream. 
This is a project called 
Starshot, which aims 
to use a laser beam to 
accelerate an array of 
small probes, each 
equipped with a solar 
sail, to speeds up to 
around 20 per cent 
of the speed of light. 
If this could be done 
it would take just 

20 years to reach the 
nearest exoplanet yet 
found — potentially 
within most of our 
lifetimes. With 
onboard cameras 

and a system that 
could then send 
information back to Earth, Proxima b 
could be the first planet we are able to 
get up close and personal to. 

Now if this is measured in Star Trek 
terms we are barely reaching a quarter of 
Warp Factor 1, but it is definitely a push 
in the right direction. Challenges remain, 
most immediately the question of funding. 
But the project already has some pretty 
influential supporters, among them 
Stephen Hawking. Thereafter it is mainly 
a question of engineering such a 
revolutionary propulsion system. To 
slightly modify the immortal words of 
Captain Kirk, the only response to that 
is: “Beam us out there, Scotty!” @ 
Maggie Aderin-Pocock is a space scientist 
and co-presenter of The Sky at Night 
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The Legacy Continues The Ultimate Portable Computerized Telescope 
For 20 years, Meade's ETX series telescopes have Whether you are hiking, camping, or in the backyard, both the 
provided novice astronomers quality, value and gQmm and 90mm models are made for observing anytime, 
performance, with each new model bringing enhancements —_ anywhere. The ETX80 fits in the included backpack making it 
and improvements. The all-new ETX Observer model great for people on the go, while the ETX90 comes with a hard 


continues that legacy. carry case and a tripod bag to protect it when transporting. 
With GoTo and tracking capabilities, these are the ultimate 
New Features portable computerized telescopes. 


The ETX Observer models come in either the 80mm 
achromat refractor telescope design or a 90mm 
Maksutov-Cassegrain telescope design. These telescopes 
now feature a removable optical tube, as well as the 
AudioStar handbox controller. The removable optical 
tube brings versatility and customization to the ETX. The 
AudioStar handbox controller gives you easy access to 
the ETX's 30,000 object database, and includes a built-in 
speaker that plays educational content about the celestial 


objects you view! AudiQ)Star’ Backpack (ETX80) Hard Case & Tripod Bag (ETX90) 


IMIEADE INSTRUMENTS) = www.meade.ukcom @9@ 


Corp and Opticstar Ltd. All rights reserved. Opticstar is the official importer and distributor of Meade products in the United Kingdom. 
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EXCURSIONS 


Jon stops at Kepler 10c, a mega Earth that brings to mind Buzz-Aldrin 


t’s very ‘tempting indeed to stay a 
’ while in the constellation of Draco 

the Dragon, home of Kepler 10b, the 

subject of our previous exoplanetary 
trip. The perpetual volcanic, molten 
fierceness of Kepler 10b is as terrifying as 
it is amazing. Travelling away from this 
planet, its visual size steadily diminishes 
and it begins to resemble a freshly rising 
or totally eclipsed Moon witha 
deceptively peaceful terracotta shine. 

Watching the light fade gently is a good 

for resetting the mind after witnessing 
surely the harshest conditions in which a 
planet could exist. Backing away farther 
still, Kepler 10b takes on a subtle coppery 
shade similar to Betelgeuse, and nowa 
darker, brooding, mysterious neighbour 
unnervingly make its presence known. 
The planet Kepler 10c gradually seeps 
into my awareness like an ominous, 
thumping heartbeat, played at hauntingly 


‘slow speed but with increasing volume. 


Kepler 10c orbits the star of the system 
at 0.2 AU and completes one such trip in 
a brisk 45 days. Thankfully the searing, 
hellish heat of Kepler 10b doesn’t exist 
here, although this world is still too near 
its parent star to support the kinds of life 
found on Earth. Kepler 10c is a mightily 
curious planet: its radius is 2.3 times that 
of Earth yet it’s 17 times more massive! 
Working out exactly how this planet 
formed is tricky. ’m hoping a closer 
inspection will give us a few clues on how 
it came to be the way it is. 


surrounding crocodiles 


Setting the Perihelion’s altitude to 
double the cruising height of a jumbo jet 
on Earth, it’s plain to see why this planet 
has been dubbed a ‘mega Earth’. Clearly 
Kepler 10c is composed of some extremely 
dense and heavy rock. The landscape 
reminds me of the meteorite displayed 
at the entrance to the Royal Observatory 
Greenwich: densely metallic with darkly 
solid intensity. There seems little 
evidence of any tectonic movement here. 
Instead there’s a sense of the material 
that formed the planet being too far 
from its star to be completely molten, 
like its innermost planetary sibling. It’s 
as though the sheer density of stuff has 
kept the planet together until it settled 
into an orbit close enough to its parent 
star to have been cooked solid. 

Swooping the Perihelion down 
to 250m above the highest peaks 
of Kepler 10c, the landscape 
appears very strange indeed. 
Formations like the water 


when they perform their 
odd vibrating action, 
but motionlessly solid 
here, appear across the 
view. It’s as if a billion 
years of tides had 
smoothed the 
Himalayas to an 
endless blend of 
rounded pyramid peaks 
of similar height. 


From here Kepler 10 appears with 


. fearsome intensity, still many times 


larger than our Sun as seen from Earth. 
The view echoes the great Buzz Aldrin’s 
description of the Moon’s ‘magnificent 
desolation’, but the landscape here is just 
as black as the alien sky above it. 
Keplerian starlight bathes the edges of 
the planetary features creating curved, 
angular light formations like those seen 
in the lapping waters of a swimming 
pool, all bathed in a hue oddly similar 
to sodium street lighting. Magnificent 
alien desolation indeed. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 


~The Atik One . 


All you. need for deep sky et = 


Cooled monochrome CCD cameras 
coupled with a range of filters and 
a filterwheel are the most sensitive 
and flexible systems available for 
taking stunning images of the deep 
sky. 


They allow you to collect the 
maximum number of photons from 
the faintest light sources, taking you 
deeper into the universe than ever 
before. 


You can then bring colour to your 
images by using red, green and blue 
filters to capture different 
wavelengths of light. You also open up 
the possibility of using narrowband 
filters to go beyond the visible 
spectrum and capture signals from 
objects often invisible when using RGB 
alone, or when imaging from light 
polluted towns. 


The Atik One simplifies the complexity 
of the equipment needed for this kind 


se ATIK 


www.atik-cameras.com 


of deep sky astrophotography, while 
maintaining the flexibility to optimise 
your set-up to your sky conditions and 
the types of object you like to image. It 
combines an exceptionally sensitive 
Sony CCD sensor with an integrated 
5-position filter wheel, which can all 
be controlled through our powerful 
and intuitive software applications. 


A choice of either a 6 or a 9 megapixel 
sensor lets you pick the One that best 
suits your telescope. The One 6.0 
sensor sets the standard for sensitivity 
and versatility, while the One 9.0 
provides a higher resolution option for 
those working at short- to mid-range 
focal lengths. They both pair incredible 
quantum efficiency with low read 
noise, to help you capture the faint 
details that lead to stunning images. 


The Atik One conforms to the same 
high standards demanded in our 
scientific camera platforms and boasts 
the same_ industrial reliability. A 
cooling delta of 38 degrees below 
ambient temperature provides 
consistent, high-performance cooling 
whatever the weather, and argon 
purging of the CCD chamber ensures 
your sensor remains 
condensation-free. 
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Best of all, you can choose the Atik One 
as an Integrated Kit, complete with its 
own dedicated off-axis guider and Atik 
GP guide camera. The OAG features 
our renowned smooth focusing system 
and moveable prism, which takes the 
hassle out of finding and focusing your 
guide star. 


All of this is connected through the 
camera’s internal USB hub = and 
accessory power port, giving you 
everything you need to take long 
exposure photographs of the deep sky, 
all in the One. 
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Interactive 


EMAILS e@ LETTERS @ TWEETS e FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


This month’s 
top prize: four 
Philip’s books 


The ‘Message of the Month’ 
writer will receive four top 
titles courtesy of astronomy 
publisher Philips: Robin 
Scagell’s Complete Guide 
to Stargazing, Sir Patrick 
Moore's The Night Sky, 
Robin Scagell and David 
Frydman’s Stargazing with 
Binoculars and Heather 
Couper and Nigel 
Henbest’s Stargazing 2017 
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WHAT YOU'VE BEEN SAYING 
ON TWITTER AND FACEBOOK 


Have your say at twitter. 
com/skyatnightmag 
and facebook.com/ 
skyatnightmagazine 


@skyatnightmag asked: 

If #ProximaB is habitable 

and we could get there, what 
would you take with you? 


Russell J Leon A towel. 


Steve Green Spare pair 
of underpants. 


@DavidHartley62 Toilet 
roll. #LifesEssentials. 


@Peworldflight Telescope 
of course, not sure if 
constellations would look 
too much different? 


@NewtonsNotepad 
Digital subscription to Sky 
at Night of course (with 
just a four-year delay on 
receiving my first issue). 


@Code_Tap Lead... lots 


and lots of lead! 


MESSAGE OF THE MONTH 
Racing to catch the transit of Mercury 


Although I have had my telescope for three 
years I have never thought of going out and 
looking at the Sun. But as there was a transit 

of Mercury in May and lots of advice about seeing 
it safely I decided to order a solar filter to fit my 
Sky-Watcher 150P. It arrived only a couple of 
days before the transit so I didn’t have much 
of a chance to try it out before the event, but 

as it turned out I got some great shots using 

my smartphone and a simple adaptor. Thank 
you to your very informative magazine, without 
which I would have missed this event. 

Paul Lewis, via email 


It’s great to hear we helped you catch this 
fantastic event and take the images to 
remember it by, Paul! - Ed 


4 Paul’s Sun in white light, snapped with a smartphone 


Six seconds to disaster 


The May issue’s Scope 
Doctor question about 
what would be visible 
with a solar-filtered 
scope prompted me to 
buy a Sky-Watcher 
telescope and some 
Baader AstroSolar Safety 
Film to observe the Sun with. Annoyingly, in the 
time that it took me to put my home-made solar 
filter over the front lens of the telescope, the Sun 
damaged the eyepiece. All it took was six seconds to 
melt the plastic housing inside! 

Peter Loft, Hull 


What a nightmare, Peter. This highlights why it’s 
crucial to point any telescope away from the Sun 
while fitting the solar filter. - Ed 


Sundog spectacular 


Years ago when I was a boy, I was playing with two 
friends in a field when we saw three objects in the sky. 
One was clearly the Sun; the other I assumed to be 
the Moon, but we couldn’t account for the other one. 
It was a similar size to the Sun and reddish in 
appearance. Both were towards the west and the Moon 
was behind us to the east — it was late afternoon. Over 


the years my mind has kept coming back to it; do 
you have any suggestions for what it could have been? 
Alan Scovell, via email 


This sounds like a mock sun or sundog, Alan. They’re 
caused when hexagonal ice crystals high in the 
atmosphere refract and disperse the light. There are 
usually two, but you may have missed one if it was 
behind a tree or slightly fainter. - Ed 


Share your successes 
Recently a friend 
and I observed a 
few close double 
stars. We each 
noted where the 
companion 

star was so 

that we could confirm spotting it. It was a great 
surprise to observe the very close companion to 

36 Andromedae — just about the limit for our skies 
and scope — and I had a small self-adhesive plaque 
made for the scope to record the occasion. This 


36 Andromed 
1.1" split at x24¢ 
P.Mika & N.Cox 


15/8/16 


could be something others might do to recall a 
special observing session. 
Nicholas Cox, Swadlincote 


What a great idea, Nicholas! Thanks for sharing. - Ed 
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Patrick Moore investigates why the 
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Hotshots 


This month's pick of your vey besicstopnotos best astrophotos 


The Sun in hydrogen-alpha > 


BILL MCSORLEY, DERBYSHIRE DALES, 
19 JULY 2016 


Bill says: “My real interest 
is in imaging deep-sky 
objects because, as an 
engineer, the precision 
involved really appeals to 


me. But during the summer 
t& months | like to try imaging 
other targets. 


| wanted to capture the outer glow of the Sun 
as well as disc detail and prominences. In a 
bid to keep the processing to a minimum, 

| decided to expose the disc, prominences 
and outer glow separately, using the best 
exposure for each and editing them together. 
The result is a 14-panel mosaic that 

| am extremely happy with.” 


Equipment: QHY5L-II colour planetary 
camera, 2.7-inch Tele Vue refractor, 
Celestron altaz mount, Coronado 
hydrogen-alpha filters. 


BBC Sky at Night Magazine says: “A crisp 
image of the Sun that shows how active 
our host star really is. Bill has captured 
amazing detail on the surface, including 
prominences and flares, and has also 
managed to include a distinct corona.” 


About Bill: “Being a young lad at the time 
of the Moon landings, | have always been 
interested in space and astronomy. Now 


L 


as a semi-retired structural engineer, | have 


more time to pursue this interest as a hobby. 


| bought my first telescope in 2011 shortly 
after watching the first series of Stargazing 
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Live as | wanted to try some astrophotgraphy. 
After dabbling with a DSLR for a year or 

so, | upgraded to a cooled CCD camera and 
a guided mount.” 


<The Milky Way 


BRENDAN ALEXANDER, DOOCHARY, 
COUNTY DONEGAL, IRELAND, 31 JULY 2016 


Brendan says: “The journey over the rocky 
trail to this vantage point was tricky but worth 
the effort. When | arrived at the bog lake 
outside the village of Doochary | was greeted 
by the sight of the Milky Way blazing across 
the sky. | was happy with the balance 

| achieved by including as much as possible 
of the Milky Way and capturing the 
surrounding landscape.” 


Equipment: Canon EOS 6D DSLR camera, 
Sigma 20mm lens. 


HOTSHOTS OCTOBER 29 


iy See pot ee tae fee 4) W The Elephant’s 
ao aie cs . >, * “{) Trunk Nebula 
: : . ee me : 4 ee % \ Cae PETER JENKINS, KIRKBY-IN-ASHFIELD, 
cha aah hae Bie 3 NOTTINGHAMSHIRE, 5-6 AUGUST 2016 
Pon ee ea Peter says: “This nebula is one of my favourite 
oe ice ee Rom a eae oe bs "| objects and I keep returning to it each year as 
pe ‘ + te gees ** | it helps me gauge improvements in equipment, 
Ay : _ ee eee » s+. = "J technique and processing. Clear skies were in 
= : oy : short supply this summer and the short nights 
, ” always make imaging in summer problematic.” 
: Equipment: Atik 383L+ CCD camera, 
Officina Stellare Hiper 4.5-inch apo 
e refractor, Sky-Watcher Pro SynScan mount. 
“ . . "= . : >... * 
; . 
r . -. 4, 7 
f e ws e e te . : ’ 


ATheWhirlpolGalaxyy ee 


ALVARO IBANEZ PEREZ, NAVAS DE ESTENA, SPAIN, 5-7 JULY 2016 


Alvaro says: “I captured this image from two locations: Navas de Estena in Ciudad Real for the 
luminance and Nerpio in Albacete for the colour. The two areas have the best skies in the country 
and the seeing was incredible: the image has so much detail and resolution.” 


Equipment: Atik 460ES CCD camera, Teleskop Service TS PHOTOLINE 115 triplet apo refractor, 
Takahashi EM-400 equatorial mount. 


Pe ee BEN GADSBY-WILLIAMS, BROGRAVE MILL, NORFOLK, 12 AUGUST 2016 
, a ” wd Ben says: “This image is comprised of 346 shots taken between Friday 
‘ night and Saturday morning. | went through all the images and 


picked out the shots with meteors and stacked them in Photoshop.” 


Equipment: Canon EOS 6D DSLR camera, Tokina 11-16mm lens. 
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JOHN FOSTER, PLYMOUTH, 13 JULY 2016 


John says: “I had been observing and the seeing was spectacular 
despite the Moon being low, so | took the opportunity to capture 
this image. | shot four panes of video in landscape orientation, 
working north to south, and was surprised that | managed to get 
1,500 solid frames for each pane.” 


Equipment: Nikon D3200 DSLR camera, Sky-Watcher Explorer 130 
telescope, Sky-Watcher EQ2 mount. 


A The Pinwheel Galaxy 


HAIM HULI, RAMAT HAKOVESH, 
ISRAEL, 1-14 JUNE 2016 


Haim says: “One of the big challenges in a 
light polluted area is taking LRGB photos, but 

“*| after 14.5 hours of exposure and few nights’ 
editing I'm happy with the results. | was pleased 
to find clear details in the core of the galaxy 
that | hadn’t noticed during the capture.” 


Equipment: QSI 586 mono CCD camera, 
Sky-Watcher BK P250 Newtonian reflector, 
ASA DDM60 mount. 


<4 Sh2-119 


PAUL C SWIFT, VALENCIA, SPAIN, 
12 JULY 2016 


Paul says: “This image was completed after 
seven nights of photography. | was interested 
in looking at the more diffuse and dim 
structures in Cygnus.” 


Equipment: Sony ICX814 camera, Vixen 
VSD 100 f/3.8 astrograph, Software 
Bisque Paramount MX mount. 


ENTER TO WIN A PRIZE! 


\ ALTAI2 K ASTRO We've icined forces with Altair Astro UK to offer 


the winner of next month’s Hotshots an Altair Astro 
Planet-Killer 685nm Premium IR Pass Filter with AR Coating, designed to deliver sharper lunar 
and planetary images with mono CCD or CMOS cameras. www.altairastro.com * 01263 731505 


Email your pictures to us at hotshots @skyatnightmagazine.com or enter online. 
For terms and conditions visit www.immediate.co.uk/terms-and-conditions 
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ASTRONOMY 
PHOTOGRAPHER 
OF THE YEAR 
Astronomy Centre, Royal Observatory Greenwich © Cutty Sark (Zone 2) 
17 September 2016 — 25 June 2017 == _ Greenwich (Zone 2) 
Admission free | rmg.co.uk/astrophoto | #astrophoto2016 sy Greenwich Pier 
Sponsored by Media partner 

Insight ROYAL a 

INVESTMENT MU S EU M S 


eas Sky at Night GREENWICH . 


> ABNY MELLON COMPANY 


ie 


“ 
gs” 


THE 


® GREAT 
Y CoursEs 


Smithsonian’ 


—W] 


OURSES 


Science 


| Astronomy 


A Visual Guide 
to the Universe 55%! 
of 


Professor David M, Meyer f 
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‘See 


Explore the Universe 
with the Smithsonian 


From Saturn’s rings to the heart of the Milky Way, and from 
colliding galaxies to cataclysmic gamma-ray bursts at the edges of 
visible space, some of the most spectacular sights in the cosmos are 
now as easy to see as the stars above. A Visual Guide to the Universe, 
produced in partnership with the Smithsonian, takes you there in 

18 lavishly illustrated lectures taught by award-winning professor 
and distinguished astronomer David M. Meyer of 

Northwestern University. 


Among your many adventures, you will orbit Saturn with the Cassini 
probe, see an asteroid up close with the Dawn spacecraft, and search 
for water and life on Mars with the Mars rovers. Looking beyond our 
solar system, you will witness how an armada of remarkable space 
telescopes is uncovering the secrets of the cosmos. Embark on our 
era’s greatest voyages of discovery without leaving home—you'll find 
the view is truly out of this world! 


THEGREATCOURSES.CO.UK/4SAN 
0800 298 9796 


A Visual Guide 


to the Universe 


Taught by Professor David M. Meyer 
NORTHWESTERN UNIVERSITY 


LECTURE TITLES 
Probing the Cosmos from Space 
The Magnetic Beauty of the Active Sun 
Mars—Water and the Search for Life 
Vesta and the Asteroid Belt 
Saturn—The Rings of Enchantment 
The Ice Moons Europa and Enceladus 
The Search for Other Earths 
The Swan Nebula 
The Seven Sisters and Their Stardust Veil 
. Future Supernova, Eta Carinae 
Runaway Star, Zeta Ophiuchi 
. The Center of the Milky Way 
. The Andromeda Galaxy 
. Hubble’s Galaxy Zoo 
. The Brightest Quasar 
. The Dark Side of the Bullet Cluster 
. The Cosmic Reach of Gamma-Ray Bursts 


. The Afterglow of the Big Bang 


A Visual Guide to the Universe 
Course no. 1893 | 18 lectures (30 minutes/lecture) 


DVD £5499 NOW £19.99 


+£2.99 Postage and Packing 
Priority Code: 132864 


For over 25 years, The Great Courses has brought 
the world’s foremost educators to millions who want 
to go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Nearly 550 courses 
available at www.TheGreatCourses.co.uk. 


The Great Courses®, 2nd Floor, Mander House, Mander Centre 
Wolverhampton, WV13NH. Terms and conditions apply. 
See www.TheGreatCourses.co.uk for details. 
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Astronomer Will Gater immerses himself. 
_in the world of online aurora watching 


Giff Cam 3 15.Mar 2016 22:37:52 


Aurora-streaming websites 


offer you the chance to watch 


the majesty of a display without “AS I sat watching 9 
having to brave the cold 
the aurora 
shimmered and 
pulsed on screen, 
visibly changing 
before my eyes” 


aurora shimmered and pulsed on screen, visibly 
changing before my eyes. Rays came and went and 
the auroral curtain rippled and brightened. For a 
moment, I and everyone else viewing online were 
on that cliff top, enthralled by the Northern Lights 
dancing before us. 

But what was most surprising was how the 
live feed had captured something of the magic of 
watching the Northern Lights for real, with your 
own eyes. The feeling of not knowing what might 
come next and the excited anticipation of a bright 
and spectacular outburst were all there. 


Remote reality 
The Shetland camera is perhaps the best 
example of the many websites that are now 
offering members of the public (and of course 
pend long enough thinking about and y Andy Steven with avid aurora watchers) the chance to view the 
staring at the night sky and you'll find one of the cliff-mounted aurora live from the comfort of their own home, 
yourself starting to be suffused with a cameras used to stream either through live video feeds or regularly 
kind of celestial wanderlust. Every which Shetland’s aurorae updating still images uploaded to the web. 
way you turn the Universe calls out again and 
again ‘hey, did you know about this place?’ It can 
be as fantastical as the daydream that takes you 
journeying to the surface of a comet or as down- 
to-Earth as the desire to escape the light pollution 
of suburbia and visit that amazing, dark-sky site 
you've heard about. It needn’t be an epiphany or 
grand encounter that sparks it either. Sometimes 
the inspiration can come from the most unlikely 
of sources, yet transport you to the most beautiful 
of landscapes. Back in March, that’s exactly what 
happened to me. 

It was a cloudy Tuesday night, it was late and I 
was sitting at home scrolling through my Twitter 
timeline. It was a post from the Aurorasaurus 
citizen science project, linking to a webcam in 
Shetland, that did it. I'd clicked on the link in 
the tweet and immediately found myself staring, 
wide-eyed, at a live video of the Northern Lights. 
In the darkness of my office it was a strangely and 
surprisingly immersive experience, made all the 
more so by the fact that I'd been listening to music 
earlier and still had my headphones on. Now, 
instead of music, the sounds coming through were 
the whistling cries of seabirds and the rhythmic 
crashing of waves, all live. As I sat watching, the 
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For Andy Steven of Promote 
Shetland — who came up with 
the idea for the Shetland webcam 
network — the cameras provide an 
opportunity to show the reality of 
life on the island. “What we want 
to do is for people to consider the 
place for a visit but also to live, 
work and invest here. And 
I think what we wanted to do was 
to show the place as it really is,” 
he says. “What we have found is 
that people love watching storms, 
they like watching nature and dark 
skies, seeing the planets, the aurora, 
shooting stars.” 

The network itself has been in 
place since 2009, but in 2013 Steven 
set about upgrading the cameras in 
it to high-definition to take advantage of a fibre- 
optic cable from the Faroe Islands. The models he 
selected for two of the new webcams in the network 
were extremely sensitive Bosch Starlight cameras, 
capable of filming in low-light. They were chosen 
mainly for their ability to capture video of the 
puffins on the island, but at night — in the winter 
— they also proved effective at picking up the 
glow of the Northern Lights. 

“We had the cameras in black and white mode 
initially,” says Steven. “We tried the colour by 
taking away the infrared filter and that made 
us realise that we could see all the usual auroral 
colours. We could see the high-altitude red, the 
purple. We realised that colour was the way to go.” 

By day the cameras are programmed to turn 
from position to position automatically, looking at 
different parts of the cliffs at Sumburgh Head on 
Shetland. But after sunset they swivel to look north, 
in the hope of capturing the Northern Lights. 

“The Cliff Cam 1, we park that one looking 
east of north, the other main one [Cliff Cam 3] 
is looking west of north,” explains Steven. “So 
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4 These screenshots taken 
by the Shetland webcams 
are less than one minute 
apart, showing how rapidly 
auroral displays can change 


4 Whilst the cameras may 
be great at capturing aurorae 
by night, by day they watch 
the local puffins 


between them we do cover the most active areas.” 

The Promote Shetland team are also hoping to 
install two more webcams on the island this year, 
both of which will have views of the northern sky 
for aurora watching. 

“We take it for granted here now, we see aurorae 
quite a lot. But you're still in awe when it happens, 
you still want to get outdoors and see it,” says 
Steven. “And if this gives more people a chance to 
try to see it themselves then that’s a job well done.” 


Take your pick 
Online aurora watching does have one advantage 
over trying to see the Northern Lights in person; if 
it’s cloudy in Shetland, say, there are other cameras 
located around the Arctic Circle that you can have a 
look at that may at some point have clear, aurora- 
filled, skies over them. In Canada, for example, the 
AuroraMAX project, run by the Canadian Space 
Agency and the University of Calgary, has been 
broadcasting regularly updated all-sky images of 
the aurora on its website since September 2010. 
“AuroraMAX is first and foremost a public 
engagement project: our goal is to share the > 
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WILL GATER, CANADIAN SPACE AGENCY X 3, ISTOCK 


One of the author’s 
pictures of the aurora, 
captured from Somerset 


ee 


AURORAE IN THE SOUTH 


Even southern England can see bright displays 


While it’s by no means a common 
occurrence, occasionally the conditions 
can be right to produce displays of the 
Northern Lights that can be seen from 
more southerly UK latitudes. For 
example, here in Somerset, I’ve 
photographed aurorae seven times in 
the past two-and-a-half years and on 
four occasions | was able fo see the 
display with the naked eye. Such auroral 
activity is typically the result of either 
a coronal mass ejection, from the Sun, 
or a high-speed stream of solar wind 
interacting with Earth’s magnetic field to 
create what's known as a ‘geomagnetic 
storm’. For this reason it’s worth 
monitoring the NOAA’s Space Weather 
Prediction Center website (www.swpc. 
noaa.gov) and Spaceweather.com to 
see if any strong storms are anticipated. 


Don’t expect fo see fluttering 
curtains of colour if you do go out 
aurora hunting though. Displays 
visible from the southern UK generally 
appear as a very faint, diffuse glow 
low on the northern horizon. With a 
good display you might sometimes 
perceive faint, colourless rays coming 
and going. If the display is really good 
— and the sky is dark and transparent 
enough - you can sometimes detect a 
hint of green in areas of bright aurora. 
DSLR photography can confirm the 
presence and movement of any aurora 
and it can also capture the colours that 
are mostly invisible to the naked eye. 
You'll need a tripod and, ideally, a fast, 
wide lens. Exposures of 10-20 seconds 
at a middle to high ISO should pick up 
any aurora, if it’s there. 


> science and the splendour of Canada’s aurorae,” 


says AuroraMAX’s national project manager 
Ruth-Ann Chicoine. “The AuroraMAX observatory 
is located under the dark skies just outside the city 
of Yellowknife, Northwest Territories, Canada. 

We use a DSLR that has been optimised for 
capturing the aurora, and is automated to 


operate from dusk until dawn.” 


Images from the AuroraMAX DSLR - which is 
fitted with a fisheye lens that lets it photograph the 
whole sky — appear on the project’s website every 
10 seconds each night between mid-August and 
early May, meaning that if it’s clear and dark over 
Yellowknife you'll have a great view of anything 


that’s happening in the sky. 


You also need not limit yourself to the Arctic 
Circle. You can go online aurora watching from a 
place very few people get to visit: the South Pole. 
The United States Antarctic Program has two 
webcams set up at its Amundsen-Scott South 


ABOUT THE WRITER 


Will Gater is an 
astronomy journalist, 
author of several 
books and an 


Pole Station that — when it’s dark at the pole astrophotographer. 

: : . Follow him on Twitter: 
— occasionally pick up the aurora australis, or @willaater 
Southern Lights, over the research facilities there. wo g 
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Yellowknife NWT/ 


AuroraMAX HD 


“Aurorae are usually observable on the web 
cameras when they are visible from the South 
Pole Station,” says Corey Anthony, a contractor 
who works for the United States Antarctic 
Program. “The current refresh rate of the South 
Pole web cameras is 90 seconds. New images are 
only visible on the USAP.gov website when 
satellite connectivity is available. During periods 
where there is no satellite pass window, the last 
received image is displayed on the web site until 
the window opens again.” 


Data in the dancing lights 
While webcams like those operated by the 
AuroraMAX project and Promote Shetland are 
primarily about enjoying the beauty of the aurora, 
some websites that display live-updating images 
of the Northern Lights are run by scientists doing 
real research with the data from the cameras. The 
website of the Kjell Henriksen Observatory, which 
is situated on Svalbard in the Arctic Ocean, is one of 
these. Prof Dag Lorentzen is a researcher there and 
is responsible for a number of the all-sky cameras 
whose pictures appear live on the observatory’s 
website at certain times of the year. 

“There is a wealth of information contained 
in these auroral images,” says Lorentzen. “We 
use several different types of all-sky cameras, 
from simple consumer-grade DSLRs to very 


+ 
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AuroraMAX HD 


2016/08/29 23:36:1 


expensive scientific-grade imager and video 
systems. Depending on the type of camera used 
we get different types of information. Some 
cameras fitted with image intensifiers can record 
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AuroraMAX HD 


8 MDT/HAA 


4 A timelapse sequence 
from AuroraMAX footage 
showing the stunning swirls 
of the Northern Lights 


4016/08/29 23:37:06 MOT/HAR 


he says. “The cameras help us pinpoint the 
location of the aurora in the sky which may be 
harder for other types of instruments to accurately 
determine. For example upper atmospheric radars 


30 frames per second video from very low light 
levels. Other systems are fitted with narrow filters 
capable of isolating specific colours of the aurora. 
Some take full colour images of the aurora. These 
types of images can be used to check cloud levels 
and for public outreach use. The more expensive 
cameras can be used to estimate fluxes of particles, 
boundary regions in the upper atmosphere, and the 
energy of the particles producing the aurora.” 
Often researchers will study the images from 


the observatory’s cameras in conjunction with 
data from other facilities, located elsewhere at 
high latitudes, says Lorentzen. “In space physics 
research, one seldom relies on only one data source 
(such as an all-sky camera). Multiple data sources 
are always used in order to study a phenomenon,” 


Promote Shetland 
These video webcams are 

located in the Shetland Islands 
off the northeast coast of 
Scotland. If the weather and 
aurora conditions are right, a few 
of the cameras can sometimes 
show the Northern Lights. 
www.shetland.org/60n/ 
webcams/cliff-cam-3 


AuvroraMAX 

The AuroraMAX webcam is 
located in northern Canada. 
When the camera is online 

this page shows a regularly 
updating view of the whole 

sky photographed by a DSLR 
with a fisheye lens. 
www.asc-csa.gc.ca/eng/ 
astronomy/auroramax/hd-480.asp 


Watch a high definition 
video from AuroraMAX 


such as SuperDARN and EISCAT have less spatial 
resolution than a camera, but provide other types 
of information important to space physicists.” 

If you want to watch the images coming in 
live from the cameras at the Kjell Henriksen 
Observatory you'll have to log on at the right 
time of year. “The real-time quick looks are only 
available during the auroral season,” explains 
Lorentzen. “This starts about mid-October and 
lasts until the end of February. Before and after this 


Antarctic Program 
Wee = 


United States 


Antarctic Program 
The webcams at the Amundsen- 
Scott South Pole Station update 
less frequently than some of the 
others here, however when they 
are online you may be able to 
glimpse the aurora australis. 
http://www.usap.gov/ 
videoclipsandmaps/spwebcam.cfm 


time interval the sky is too bright for observations.” 
With that time now just a few weeks away, 

maybe it’s time you too logged on to one of these 

aurora webcams and, as it were, looked up. After 

all, you never quite know exactly where these 

things might take you. @ 


BIRKELAND CENTRE 
@ FOR SPACE SCIENCE 


Kjell Henriksen 
Sorereatery 


Observatory on Svalbard 
include images from quite a few 
onsite all-sky cameras. 
http://kho.unis.no 
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INSIGHT 
ASTRONOMY 
PHOTOGRAPHER 


OF THE YEAR 


BBC Sky at Night Magazine is proud to reveal the 
winners of the world’s premier astrophoto competition 


ol cal cad cad cad iN ch ce 2 ce ce cd cd cd cd os cd cd cd cod co 


OVERALL WINNER 


Baily’s Beads 


Yun Ju (China) 

Photo location: Luwuk, Central Sulawesi, Indonesia. 
Equipment: Canon EOS 5D MkII DSLR camera, Sigma DG OS 
HSM 150-600mzm lens. 


Judges’ verdicts: “A complete experience. Everything about this 
photo makes you wonder: its technique, its symmetry, its visible 
or hidden parts.” - Oana Sandu 


“This image is a remarkably dynamic representation of the 
moments around total solar eclipse. | love the way that the 
Baily’s Beads are presented, with the Sun’s rays shining through 
valleys in the Moon's profile as it slides over the disc of the 

Sun before disappearing, only to reappear on the other side. 
The pink prominence is just the icing on the cake — a truly 
memorable picture!” - Chris Bramley 


SKYSCAPES > 


Binary Haze 


Ainsley Bennett (UK) 
Ashey, Isle of Wight, UK. 
Nikon D800 DSLR camera, 
24mm lens. 

“What an atmospheric image 
this is. The low veil of mist has transformed the 
Moon and Venus into something otherworldly, 
like a will-o'-the-wisp. What's particularly 
rewarding is the way this softness is contrasted 
with the stars in the night sky above, which 
are crisp and sharp."- Chris Bramley 


V PEOPLE & SPACE 
City Lights 
Wing Ka Ho (Hong Kong) 
I Quarry Bay, Hong Kong. 
Canon EOS 6D DSLR camera, 
24mm lens. 

“This image makes me feel 
my place on our planet as we spin and rush 
through our Galaxy. It is also an important 
and engaging sociopolitical statement that 
connects our contemporary civilization with 
the stars and our intergalactic neighbours, 
just as the Egyptians and other stargazing 
civilizations experienced.” — Ed Robinson 
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A AURORAE 
Twilight Aurora 


Gyérgy Soponyai (Hungary) 
P ation: Near Longyearbyen, 
Norway, 

: Canon EOS 5D MkII DSLR 
camera, ee lens. 
Judge’s verdict: “I like this photograph precisely 
because it doesn’t show the intense colours 
usually associated with aurorae. Often | can’t 
relate to aurora photos, because they are just 
too fantastical, but this one puts aurorae in a 
new context that is closer to how they would 
look to the human eye.” — Wolfgang Tillmans 


Svalbar 


GALAXIES [> 
M94: Deep Space Halo 


Nicolas Outters (France) 

n: Castor Sirene Observatory, 
Provence- Alpes Céte d’Azur, France. 
Equipment: Apogee Alta 16U 16803 
camera,  RCOS 12.5-inch Ritchey-Chrétien 
ees Paramount ME mount. 

ct: “I love the delicate colours 
in fet image. The softer outer regions of 
M94's halo have been captured and 
processed perfectly and really pull you in 
towards the intricate structures at the heart 
of this intriguing galaxy.” — Will Gater 
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A OUR MOON 


From Maurolycus 
to Moretus 


Jordi ree Borrell (Spain) 

t : 'Ametlla del Vallés, 
Ba elon, 2, Spin 
Equ t: ZWO ASI120MM monochrome 
CMOS c camera, Celestron 14-inch telescope, 
oy Watcher NEQ6 Pro SynScan mount. 

‘t: “So many fine craterlets are 
visible in this shot. The processing used to 
bring everything out so sharply has been 
applied with a very expert eye. You could 
almost imagine you were looking down at the 
Moon's surface from the window of a 


spacecraft!” — Pete Lawrence 
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PLANETS, COMETS 

& ASTEROIDS > ao 
Serene Saturn = ae 
Damian Peach (UK) 


Marley Vale, Barbados. 
ZWO ASI174MM monochrome 
CMOS camera, Celestron C14 telescope, 
Celestron Cl-700 mount. 

“Every year improvements in 
technology and the sheer skill and persistence 
of the astrophotography community push the 
boundaries of what's possible. This is an 
astonishing shot, with atmospheric features 
such as storms and the mysterious polar 
hexagon clearly visible.” - Marek Kukula 


<| ROBOTIC 
SCOPE 
Iridis 
Robert Smith (UK) 

Roque 
de los Muchachos 
Observatory, La Palma, 
Canary Islands. 

Andor 
iDus 420 CCD camera, 
Liverpool Telescope. 

“Just a few 
years ago this technique of 
splitting the light from an 
object into its constituent 
colours was the preserve of 
professional scientists. Now 
members of the public can 
play with it too, and show 


us that it can also be very 
beautiful.” - Marek Kukula 


STARS & 
NEBULAE [> 
The Rainbow 
Star 


Steve Brown (UK) 
Stokesley, 
North Yorkshire, UK. 
Canon EOS 
600D DSLR camera, 
250mm lens, Sky-Watcher 
Star Adventurer mount. 

“For an image 
to spark such intense debate in 
the judging room is testament 
to the artistic integrity of this 
piece. It takes just one star 
— Sirius — up close and 
personal and treats it to show 
the effect of our atmosphere. It 
is in the true spirit of this 
competition that technical 
ability and artistic representation 
are combined, which in turn 
enhances each photographer's 
individual interpretation of 
the sky above us in an 
ever-expanding variety of 
forms.” — Ed Robinson 
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A SIR PATRICK MOORE PRIZE 
FOR BEST NEWCOMER 


Large Magellanic Cloud 


Carlos Fairbairn (Brazil) 

ion: Luzidnia, Goids, Brazil. 

Canon EOS 5D Mklll DSLR camera, Canon 200mm 
lens, Sky-Watcher Star Adventurer mount. 

] “A newcomer serving us an image worthy of an 
experienced master, capturing the mystique and fascination of the 
Large Magellanic Cloud. | can hear Sir Patrick in my imagination 
saying “Yes, quite simply a superb image. A very, very worthy 
winner indeed.” — Jon Culshaw 


> YOUNG ASTRONOMY 
PHOTOGRAPHER OF THE YEAR 


Lunar Reversal 


Brendan Devine (US, aged 15) 

Chicago, Illinois, US. 

Canon EOS 7D MkII DSLR camera, Canon EF 

100-400mm IS Il USM lens, Manfrotto tripod. 

“Ominous, majestic, graceful Moon. | thought 
| had ‘seen’ the Moon before, but this image proved me wrong. 
This young astrophotographer has put great thought and originality 
in the preparation, composition and processing of this picture, 
doubtlessly experiencing much delight in the exercise. A wo 
winner.” — Melanie Vandenbrouck 
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fanes to the 
Planetarium 


INSIGHT The biggest astrophotography 
ASTRONOMY competition in the world continues 
PHOTOGRAPHER © /mpress with an amazing 


OF THE YEAR array of cosmic images 


The Insight Astronomy Photographer of entries across 80 countries: the highest some of the top astrophotographers 

the Year competition is open to all, and ever received since the competition capturing the cosmos today. 

every year welcomes a range of astrophotos began in 2009. If you find yourself inspired and would 

in a range of categories, suiting all levels of The winning images of 2016 are now like to enter next year’s competition, keep 

astronomical and artistic abilities. available to view in a free exhibition at an eye out for the 2017 submission dates 
This year saw the panel of judges the Royal Observatory Greenwich, so be at www.rmg.co.uk/discover/astronomy- 

select 11 winners from over 4,500 sure to pay a visit to view the work of photographer-competition.@ 


THE JUDGES YOUR BONUS CONTENT 


See all the winners, runners up and highly 
commended images in our bonus gallery 


| Ea SY : 


Chris Bramley Jon Culshaw Will Gater Marek Kukula Pete Lawrence 
Editor, BBC Comedian and Astronomer, Public Astronomer, Presenter, The 
Sky at Night BBC Sky at Night journalist and Royal Observatory Sky at Night 
Magazine Magazine astrophotographer Greenwich 


contributor 
INSIGHT 
ASTRONOMY 


Ob, 2) 
wile FREE 2017 CALENDAR 


The December issue of BBC Sky at Night 
— y ig 
a 7~ Magazine comes with a free 2017 


Chris Lintott Ed Robinson Oana Sandu weligang Tillmans Melanie calendar featuring some of the top images 

Presenter, The Award-winning = Community Turner Prize- Vandenbrouck from the Insight Astronomy Photographer 

Sky at Night photographer Coordinator, ESO winning artist Curator of Art of the Year 2016 competition. It goes on 
(post-1800) sale from 17 November. 
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H Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. : 
Clearview q pena accessories 
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everything you need to know for your 
first night under the stars and beyond. __; 
We start with essential knowledge all 
astronomers need to know — such as 

why the sky moves and how celestial 

coordinates work — followed by sections 


~-~-onthe equipment you'll need to get going 
and what you can expect to see. Your 
astronomical adventure starts here. 
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The aeY. 


Mercury is reasonably well placed 
in the morning sky at the start of the 
month. An elusive target at best, it’s 
aided by the return of the king of 
planets, Jupiter. On the morning 

of 11 October, both worlds will 
appear separated by less than 1°. 


| Written by 
Pete Lawrence 


Pete Lawrence is an 
expert astronomer 
and astrophotographer 
with a particular 
interest in digital 
imaging. As well as 
writing The Sky 
Guide, he appears on 
The Sky at Night each 
month on BBC Four. 
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PETE LAWRENCE X 7 


Highlights 


Your guide to the night sky this month 


This icon indicates a good photo opportunity 


SATURDAY 

The Moon reaches the 

phase known as new Moon 

today when it lines up with 
the Sun in the sky. Although not 
visible, it’s interesting in that its 
timing means that there’s room for 
a second new Moon at the end of 
the month. The second is sometimes 
referred to as a ‘black Moon’. 


TUESDAY 
1 1 Ke) (Mery and 
Jupiter are 
close in the morning 


sky today. Both may be seen 
around 06:45 BST (05:45 UT) low 
in the east. Mag. -1.1 Mercury and 
-1.5 Jupiter will appear separated 
by just 50 arcminutes at this time. 
See this month’s Big Three. 


MONDAY 
The waxing crescent Moon 
(6% lit) is 4° north of the 
brilliant, mag. -3.8 planet 
Venus this evening. Look for this beautiful 
pairing low in the west-southwest at 


19:00 BST (18:00 UT). 


<4 SATURDAY 
Ice giant 
Uranus hits 
opposition today. 
The planet is in the faint constellation 
of Pisces, not too far from the 
‘knot’ in the cord tying both fish 
together. This is marked by mag. 
+4.1 Alrescha (Alpha (c) Piscium). 


SUNDAY 

The annual 

Orionid meteor 

shower starts 
today, with activity continuing 
until 27 October. The shower’s 
peak occurs on 21 October 
with a zenithal hourly rate of 
20-25 meteors per hour. 


MONDAY P 
1 oT | Variable star 

Algol (Beta (p) 

Persei) is well 


positioned. This eclipsing binary 
has a period of two days, 20 hours 
and 49 minutes, and the dimming 
eclipses need to occur at night to 
be seen. One is in progress just 
after 03:00 BST (02:00 UT). 


THURSDAY 
A second 
favourably 
timed eclipse 
of Algol occurs at 00:00 BST 
(23:00 UT on the 19th). See the 
entry for the 17th. 


20 


FRIDAY 
(OB) Ceres hits 
LS) copositon. 
It can be found 


between the outlines of Pisces and 
Cetus. See this month’s Big Three. 


The Orionid meteor shower peaks, 
but will be hindered by the waning 
gibbous Moon (67% lit) rising 
around 21:40 BST (20:40 UT). 


FRIDAY 

By the 

ED) suing 
crescent Moon 


(4% lit) is 40 arcminutes from 
Jupiter at 11:00 BST (10:00 UT) in 
the daylit sky. The Moon is 32° up 
in the south-southeast at this time 
as seen from the centre of the UK. 
Jupiter lies below the Moon. Take 
care if looking with binoculars as 
the Sun will not be too far away. 
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SATURDAY 

If you have 

access to a pair 

of binoculars, 
take a look at the region between 
the W of Cassiopeia and the 
outline of Perseus, where you'll see 
the lovely sight of two, rich open 
clusters close together. This is the 
famous Double Cluster or Sword 
Handle, NGC 869 and NGC 884. 


SUNDAY 
@ 
COM 

past last 


quarter Moon lies 5.5° to 
the southwest of the Beehive 
Cluster, M44 in Cancer. Look 
for them around 05:00 BST 
(04:00 UT). Binoculars will 
show the pair to the best 
effect. If you have a camera, 
try and grab a shot of them 


in the same frame. 
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What the team will be 
observing in October 


FRIDAY > 

As we say goodbye to 

the stars of summer and 

they slowly drift over to 
the west, the stars of late autumn 
and winter are eager to take 
their place. At 22:00 BST (21:00 
UT) look out for the wonderful 
Pleiades open cluster 20° above 
the eastern horizon. 


imagi 


<WEDNESDAY 

1 VAc (O) Point a 
telescope at 

the Moon tonight 
and see if you can spot this month’s 
1 Moonwatch target, the crater Billy. 
@ Tonight the libration favours the 
crater, moving it slightly towards 
the centre of the Moon’s 
Earth-facing hemisphere. 


WEDNESDAY 
By This UNIVE 
CS) aeaiag ‘s 

waning gibbous the worl 


Moon (88% lit) will occult a number 
of the stars in the Hyades cluster in 
Taurus. Heading east it'll have an 
interesting interaction with the 
bright star Aldebaran at around 
08:40 BST (07:40 UT) in daylight. 
See this month’s Big Three. 


latitude, 


WEDNESDAY > 
© key 
1 
get a chance 
to see the winter constellation 
of Orion. The mighty hunter 
is well placed from 02:00 BST 
(01:00 UT), reaching his highest 
point in the sky just after 


04:00 BST (03:00 UT). SS) 
SUNDAY MONDAY 
The second Following 
new Moon of yesterday's 
the month new Moon, 


occurs today — a ‘black Moon’. this evening there's an opportunity 
to spot a very thin, less than 
1% lit lunar crescent immediately 


after sunset. 


Venus and Saturn are 3° apart 
and may be visible low in the 
southwest shortly after sunset. 


Daylight savings (British Summer 
Time) comes to an end. 


arn é On) 
Learn astronon 


Pete Lawrence “With Mars, Jupiter and 
Saturn all heading south in the sky, it’s 
time to embrace the ice giants. I'll be 
out this month trying to improve my 

ng skills on distant Uranus.” 


Steve Marsh “Lunar libration imagery is a 
hobby within a hobby for me. This month 
| plan to photograph craters on the Moon's 
western limb to create comparative studies 


with the same craters from previous months.” 


Paul Money “I'll be keeping tabs on Mars 
low in the evening twilight, guiding me to 
the globular clusters M28 on the 5th and 
M22 on the 9th, both in Sagittarius.” 


Need to know 
The terms and symbols used in The Sky Guide 


RSAL TIME (UT) AND BRITISH SUMMER TIME (BST) 


Universal Time (UT) is the standard time used by astronomers around 


d. British Summer Time (BST) is one hour ahead of UT. 


RA (RIGHT ASCENSION) AND DEC. (DECLINATION) 


These coordinates are the night sky’s equivalent of longitude and 


describing where an object lies on the celestial ‘globe’. 


HOW TO TELL WHAT EQUIPMENT YOU'LL NEED 


NAKED EYE 


Allow 20 minutes for your eyes to become dark-adapted 


BINOCULARS 


10x50 recommended 


PHOTO OPPORTUNITY 
Use a CCD, planetary camera or standard DSLR 


SMALL/MEDIUM SCOPE 


Reflector/SCT under 6 inches, refractor under 4 inches 


LARGE SCOPE 


Reflector/SCT over 6 inches, refractor over 4 inches 


Getting started 
in astronomy 


If you’re new to astronomy, you'll find 


two essential reads on our website. Visit 
http://bit.ly/10_Lessons for our 10-step 
guide to getting started and http://bitly/ 


First_Tel for advice on choosing a scope. 
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3 top sights 


@ Ceres at opposition 


COPS COE E OOOH SHOE SHOES EEHEE OSE ESOESOE ESSE E OOOH EES OET OSES ESSOEESOOHEEHEEEEHOESEE ESSE 


WHEN: Dwarf planet visible all month; opposition on the 21st 


e Ye 
Menkar ®&q 


PISCES 


 Koffalijidhmas — « 


11 Oct 


e * 
c 
. Alrescha @ 4 


18 Melpomene 


4 You can use the neck stars of Cetus the Whale and Alrescha in Pisces to home in on Ceres this month 


ONCE REGARDED AS the 
largest asteroid, Ceres is now 
a member of a class of objects 
known as dwarf planets. Thanks 
to the hugely successful Dawn 
mission, we now know a lot 
more about it. For backyard 
astronomers its 946km 
diameter doesn’t allow it to 
appear any more than a dot 
as seen from Earth, but its 
relative brightness still makes 
it a fun target to hunt down. 

There are currently five 
bodies in the Solar System 
classified as dwarf planets: 
Ceres, Pluto, Haumea, Eris 
and Makemake. Ceres is the 
smallest of the group witha 
diameter 40 per cent that of 
Pluto. However, it can claim 
to be the largest dwarf planet 
orbiting entirely within the 
orbit of Neptune. 
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Ceres never brightens enough 
to be seen with the naked eye 
but binoculars will reveal it 
with ease when close to 
opposition. Its magnitude can 
vary from +6.7 to +9.3. This 
month it'll be a 7th-magnitude 
object, starting off at mag. +7.8, 
but brightening slightly to +7.4 
in the fourth week of October. 
Its distance from Earth 
through the month will vary 
from 1.964 AU to 1.897 AU. 

During October Ceres is 
located in Cetus, passing 
between mag. +4.1 Alrescha, 
(Alpha (a) Piscium) and 
amazing variable star Mira 
(Omicron (0) Ceti). Mira has a 
332-day period and varies in 
brightness on average between 
mag. +3.4 and +9.3. Ceres 
passes when Mira will be close 
to minimum brightness, so 


unfortunately it ll be an 
unreliable ‘beacon’ this 
time round. 

The best jumping off point 
will be the ‘neck’ stars of the 
Whale of Cetus: mag. +3.6 
Gamma (y) and mag. +4.1 


18 April 2009 


(#) NEED TO KNOW 
An object's brightness is 


iven by its magnitude. The 
aes the number, the ae 


the object: with the naked eye 
you can see down to mag. +6.0. 


Delta (8) Ceti. From here you 
should be able to locate the 
field stars shown in our chart. 
As ever with a small body such 
as this, the best way to ‘see’ 
Ceres is to record the position 
of all the ‘stars’ in the 
suspected field. You'll need to 
do this down to the brightness 
of Ceres. Our chart shows 
stars down to mag. +8.0, 
which is ideal. Once you’ve 
made your record, repeat the 
process on a subsequent night. 
If you have recorded Ceres, it 
will reveal itself when the 
observations are compared 
because it will appear to have 
moved. A camera makes the 
recording process a lot easier 
if you have one. 

As well as Ceres, minor 
planet 18 Melpomene is also 
in the region. This body is 
smaller than Ceres at around 
150km across. However, it’s 
also closer, approaching to 
0.829 AU just after mid- 
month. This allows it to 
appear reasonably bright at 
around mag. +8.0 and makes 
it another suitable target to 
try and record. 


19 April 2009 


4 Images from successive nights can reveal Ceres’s movement 
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@ Mercury in the morning 


PCCP OOo S EEE EEE EEE EEE EEE EEO LESH EEE EEE EOOE EEE SOEE EEE OEOO EEE EOESOEEEEEEEE EEE ESET EEEEEE EEE EEEO ETOH EES E LES ESELE EE SOREL ELE SO OEES 


WHEN: 1-15 October, at least 
30 minutes before sunrise 


AT THE START of October early risers 
have a chance to spot the elusive planet 
Mercury. On the Ist the mag. —0.6 planet 
pops above the eastern horizon around 
05:30 BST (04:30 UT). It is 2° below mag. 
+5.5 Sigma (0) Leonis on this date, the 
star marking the Lion’s back paw. The 
Sun rises at 07:10 BST (06:10 UT) giving 
you a good hour and a quarter to locate 
Mercury’s dot in reasonably dark skies. 
The planet’s visibility remains good 
for the first half of the month and, despite 
heading back towards the Sun, a view 
low to the east at least 30 minutes before 
sunrise should reveal it. Mercury also 
gets marginally brighter over this 
period, reaching mag. —1.1 mid-month. 
As Mercury appears to head closer to 
the Sun, the magnificent gas giant Jupiter 
appears to head up to meet it. The apparent 
separation between the two decreases 
until 11 October, when they are just 
50 arcminutes apart — that’s one and 
two-thirds the apparent diameter of 
the full Moon. Mercury will be at mag. 
-1.0 on this date and Jupiter slightly 
brighter at -1.5. They should be fairly 
easy to spot low in the east. 


10 Oct M 11 Oct 
ercur 
° y Mercury 
e 

; e 

Jupiter . s Jupiter 
5 Oct . 
Jupiter 
1 Oct g 


12 Oct 
Jupiter A 
e 
Mercury » 1 Oct ie Mercury 

¢ 5Oct 

ser | ? 15 Oct 

710 Oct 

@ 15 Oct 


4 As Mercury dips towards the horizon it will cross path with Jupiter; they are closest on the 11th 


The reasonable aspect to Mercury’s 
appearance in the first half of the month 
means that it should be possible to view 
the planet through a telescope. If you do 
manage this, its phase on 1 October will 
be 61% lit, increasing to 95% lit by the 
15th. Unfortunately, this also means that 


The disappearing Hyades 


WHEN: 19 October, times as stated are correct for the centre of the UK; locate the stars 15 minutes beforehand 


it will also appear rather small. Mercury’s 
apparent diameter on 1 October will be 
6 arcseconds, dropping to 5 arcseconds 
by the 15th. Superior conjunction is on 
27 October and the last view you'll get 

of Mercury this month will occur 
around the 15th. 


THE 88%-LIT WANING 
gibbous Moon appears to pass 
in front of the Hyades open 
cluster in Taurus on the 
morning of 19 October, 
resulting in a number of the 
cluster stars being occulted. 
From the centre of the UK the 
first occultation occurs at 
00:10 BST (23:10 UT on the 
18th) when mag. +3.7 Gamma 
(y) Tauri disappears behind 
the Moon’s bright limb. The 
star reappears an hour later at 
01:10 BST (00:10 UT) from 
behind the dark limb. 

Mag. +6.4 star 70 Tauri is 
the next obvious event, closely 
followed by mag. +4.5 star 
71 Tauri. This star will appear 
to be occulted from north of a 


line from St Davids in Wales to 
the Wash, where Norfolk meets 
Lincolnshire. Along this line a 
grazing occultation may be 
seen. The disappearance of 
double star Theta Tauri begins 
with mag. +3.8 Theta’ (6') at 
04:30 BST (03:30 UT), followed 
by mag. +3.4 Theta? (6) eight 
minutes later. 

The Moon doesn’t quite make 
it to mag. +0.9 Aldebaran 
(Alpha (a) Tauri) in darkness, 
but if the sky is very clear it 
may be possible to watch the 
Moon approach the star during 
the day. The Moon’s northern 
edge will appear to make a 
close pass of Aldebaran 
around 08:35 BST (07:35 UT) 
from much of the UK, witha 


_ TAURUS 


The Moon tracks along 
the bottom fork of the 

” V of the Hyades on the 
morning of the 19th 


Hyades 


04:38 Bst Z5 
HIP21 oe a 


Gu 


19 Oct Bho, 
08:35 BST 


full occultation only visible 
south of a line from just south 
of Bournemouth to Cork in 


04:30 BST 


470% 03:40 BST 19 Oct 
00:10 BST 


: ills % 


the Republic of Ireland. Again, 
a grazing occultation may be 
seen along the line. 
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The planets 


URANUS 

BEST TIME TO SEE: 16 October, 

01:00 BST (00:00 UT on 15 October) 
ALTITUDE: 45° 

LOCATION: Pisces 

DIRECTION: South ; : 
FEATURES: Colour, banding : a PISCES 
with a larger scope i : 


EQUIPMENT: 8-inch or larger 


THE DEPARTURE OF Mars, Jupiter 
and Saturn heralds a return of the ice 
giants, Uranus and Neptune. Although 
distant, these worlds have an enigmatic 
quality to them, providing an 
imaginary gateway to the outer of Pisces, not too far from mag. +4.1 distance that separates these stars to 
regions of the Solar System. Alrescha (Alpha (a) Piscium). _ the west-northwest of the northern one. 
Uranus reaches The best way to locate it is Despite being a slow mover, Uranus 
opposition on to first find Alrescha moves 1.2° over the course of the 

15 October and Titania and then work west month, following a line from its 


4 Work your way along the outline of Pisces from Alrescha to reach ice giant Uranus 


although this along the bottom starting position on 1 October towards 
doesn’t bring Umbriel edge of the ‘cord’ —mag. +6.0 star 88 Piscium. The planet 
any significant Ariel of Pisces to mag. remains at mag. +5.7 for the entire 
change to +4.4 Nu (v) month and with a good dark sky, should 
the planet’s Piscium, then just be visible with the naked eye. It’s 
appearance Of mag. +4.8 Mu an obvious target through binoculars, 
through a Oberon (u) Piscium. but a telescope is required to bring 
telescope, it does Mi From here, head out its green hue and show its tiny 
sent iranda . 

mean that it will be north and locate 3.7-arcsecond disc. 
well presented and a pair of stars of The Moon shows a full phase when the 
visible all night long for mag. +6.5 and +6.2. planet reaches opposition, which occurs 
most of the month. On 1 October, on 16 October at 05:24 BST (04:24 UT). 

It currently resides 4 Uranus is a naked-eye object, but to see its Mag. +5.7 Uranus At this time the full Moon will be 3° 
in the constellation famous green hue you'll needa telescope _is located the same south of Uranus. 


@ THE PLANETS IN OCTOBER 


The phase and relative sizes of the planets this month. Each planet is shown with south at the top, to show its orientation through a telescope 


VENUS MARS JUPITER SATURN URANUS NEPTUNE 
15 October 15 October 15 October 15 October 15 October 15 October 


MERCURY 
1 October 


MERCURY 
15 October 


MERCURY 
31 October 


es es es eee ee ee 
10” 20” 30” 40” 50” 60” 
ARCSECONDS 
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NEPTUNE 

BEST TIME TO SEE: 1 October, 
23:15 BST (22:15 UT) 
ALTITUDE: 28° 

LOCATION: Aquarius 
DIRECTION: South 

Neptune was at opposition last 
month and continues to be well 
placed in October. It’s around 
2° southwest of mag. +3.7 
Lambda (A) Aquarii and, at 
mag. +7.8, requires at least a 
pair of binoculars to see. 


MERCURY 

BEST TIME TO SEE: 1] October, 
30 minutes before sunrise 
ALTITUDE: 5.5° (low) 
LOCATION: Virgo 
DIRECTION: East 

Mercury is well placed at the 
start of the month, being both 
bright and 17.5° from the Sun 
in the morning sky on the Ist. 
As the days pass, Mercury 
creeps closer to the Sun but its 
magnitude increases at the same 
time, keeping its visibility 
fairly constant. On the 11th it 
passes Jupiter by 50 arcminutes, 
an event visible 30 minutes 
before sunrise low in the east. 
Mercury will be mag. —1.0 and 
Jupiter —1.5. It’s soon lost from 
view after this. Technically it’s 
an evening object after 
reaching superior conjunction 
with the Sun on the 27th, but 
it won't be visible because it’ll 
still be too close to our star. 


JUPITER 

BEST TIME TO SEE: 31 October, 
05:30 UT 

ALTITUDE: 8.5° (low) 
LOCATION: Virgo 
DIRECTION: East-southeast 
Jupiter is gradually pulling away 
from the Sun and visible in the 
morning sky. By the end of the 
month, it should be easy to see 
before sunrise but isn’t high 
enough for serious observation. 
On 31 October, it'll be 1.75° 
south of mag. +3.4 Porrima 
(Gamma (y) Virginis). The 
4%-lit waning crescent Moon 
on 28 October is 40 arcminutes 
north of Jupiter at 11:00 BST 
(10:00 UT) in the daylight sky. 


BEST TIME TO SEE: 31 October, 
17:30 UT 

ALTITUDE: 5.5° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southwest 

Venus is in a curious place: 
although it’s separating from 
the Sun well, its altitude at 
sunset is low and this makes it 
hard to find. Its brilliant, mag. 
—3.9 brightness compensates 
in part for its poor position. 
Venus and Saturn are separated 
by 3° on 30 October, mag. +1.0 
Saturn being to the north of 
Venus. If you do manage to 
get a view of Venus through a 
scope, at the start of October 
it’s showing an 86%-lit disc 
12.1 arcseconds across. By the 
31st, its phase will have fallen 
to 77% while the apparent 
diameter will have increased 
to 14.3 arcseconds. 


MARS 

BEST TIME TO SEE: 31 October, 
18:00 UT 

ALTITUDE: 13° 

LOCATION: Sagittarius 
DIRECTION: Just west of south 
Now well past opposition, Mars 
is at its best at the start of the 
month, but its position in the 
sky is very low down all the 
same. By the end of October, 

its eastward motion against 

the stars fails to take it out of 
Sagittarius, but it will lie close 
to the constellation’s eastern 
border. This position, combined 
with the lengthening October 
nights, means it will be higher 
during darkness at the end of 
the month. Mars’s apparent 
diameter drops from 

8.8 arcseconds on 1 October, 

to 7.3 arcseconds by the 31st. 


SATURN 

BEST TIME TO SEE: ] October, 
19:00 BST (18:00 UT) 
ALTITUDE: 7° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southwest 
Saturn is low down in 
Ophiuchus as the sky darkens 
and is not well placed for 
serious observation. 


> Planetary observing forms observing forms 


DATE 


1 


0 ON O UW BF WwW ND 


10 


@ Jupiter lo 


JUPITER’S MOONS 


October 


Using a small scope you'll-be able to spot Jupiter’s biggest moons. 
Their positions change dramatically during the month, as shown on 
the diagram. The line by each date on the left represents 00:00 UT. 
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THIS DEEP-SKY TOUR HAS BEEN AUTOMATED 


ASCOM-enabled Go-To mounts can now take you to this 


month's targets at the touch of a button, with our Deep-Sky 
Deep -sky tour Tour file for the EQTOUR app. Find it online. 
We explore one of the largest gravitationally 
bound objects in the entire Universe 


MM Tick the box when you've seen each one 


* Edge-on spiral NGC 891 
is considered to be one of 
the most similar galaxies 
to our own Milky Way 


a . 


M34 


il M34 is a rich, 5th-magnitude open cluster in 


Perseus close to the constellation’s border with 
Andromeda. It forms the sharp end of an isosceles 
triangle with Algol (Beta (8) Persei) and mag. +3.8 
Kappa (k) Persei at its base. The triangle points at 
mag. +2.2 Almach (Gamma (y) Andromedae). It 
contains around 100 stars scattered in an area 
35 areminutes across, slightly larger than that of the 
full Moon. A 6-inch scope at 50x magnification will 
reveal around one-third of the cluster population. The 
stars of the cluster are sometimes described as tracing 
a spiral path, giving rise to the informal name of the 
Spiral Cluster. There are a number of star-pairs 
consisting of stars of similar magnitude dotted 
throughout the cluster. L] SEEN IT 


NGC 956 

We're hopping across the border into 
SS) Se) Andromeda for our next target, the 
9th-magnitude open cluster NGC 956. It lies 2.5° 
northwest of M34 but lacks the rich star texture 
of that cluster. Through the eyepiece NGC 956 
appears to contain three brighter members with 
a smattering of fainter stars strung out between them. 
There are about 15 stars in total here, ranging in 
brightness between mag. +12.0 and +14.0. A 10-inch 
or larger scope will reveal the fainter members of 
the cluster more comfortably and together they 
appear to form an S-shaped asterism running 
between two 9th-magnitude stars. The cluster 
measures in at 5x2 arcminutes, elongated in a 


north-south direction. LJ SEEN IT 
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NGC 891 

NGC 891 is a mag. +10.9 edge-on spiral 
SS) galaxy located at the mid-point along a 
line between M34 and Almach. It is faintly visible in 
smaller telescopes as an elongated streak of light. Scopes 
larger than 10 inches will refine its 10x2.5-arcminute 
shape, revealing a delicate dark dust lane running 
along the galaxy’s spine. This is easiest to see where it 
crosses the bright core. The galaxy is often cited as an 
analogue for our own Milky Way, having a similar 
luminosity, shape and size. It’s sometimes remarked 
how similar it looks in photographs when compared 
to earthbound shots of the Milky Way from the 
southern hemisphere. [1 SEEN IT 


ABELL 347 

Slew 1° to the southeast of NGC 891 and 

you'll arrive at mag. +13.3 NGC 910, a fairly 
easy to spot elliptical galaxy with a bright core. 
Although visible in a 12-inch scope you'll need a 
larger one to spot the myriad mag. +14.0-15.0 
galaxies that appear to surround it. Collectively, these 
form the Abell 347 Galaxy Cluster. The brighter 
members are NGC 898 (mag. +13.9), NGC 906 
(+13.8), NGC 911 (+13.8) and NGC 914 (+13.7). 
Once you've located these, use them as a framework 
to find some of the others. Centre up on NGC 910 
first at low magnification and then pile on the power 


to around 200-350x. LC SEEN IT 


NGC 1023 

Return to M34, then look 2.5° south to 
SS ey) locate the mag. +4.9 star 12 Persei. From 
here, a further 1.2° south and veering slightly to the 
west, is mag. +9.5 galaxy NGC 1023. It is classed as 
a barred lenticular galaxy and is an easy find thanks 
to its relative brightness. A small telescope shows the 
galaxy as a thin, elongated oval surrounding a star-like 
core. Larger instruments reveal the core’s bar appearance 
along with a second fainter galaxy to the east. Known 
as NGC 1023A, this galaxy’s light appears to merge 
with the outer haze of NGC 1023, creating a bulge to 
the east of the main galaxy. 1 SEEN IT 


ABELL 426 


Our final target is the Perseus Cluster of Galaxies, 

Abell 426. This is one of the most massive 
gravitationally bound ‘objects’ in the known Universe, 
containing thousands of galaxies. To locate it, start at 
Algol and look 2.25° east, nudging a fraction to the 
north as you go. The brightest galaxy is mag. +11.6 
NGC 1275 (Perseus A) and this should be used as the 
starting point. The brightest galaxies are viable for a 
8-inch scope, but a large 16-inch instrument should be 
able to pick up 60-plus cluster members. As with Abell 
347, use a low power to first locate. Then increase to 
around 200x before trying to pick out other members 
of the cluster. C1 SEEN IT 


Print out this chart and take 
an automated Go-To tour 


CHART: PETE LAWRENCE, PHOTO: HARALD STRAUSS/CCDGUIDE.COM 
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Binocular tour 


October brings famous nebulae, a hole 
in the Milky Way and an underrated cluster 


With 


Stephen Tonkin M Tick the box when you've seen each one 


i, THE DUMBBELL NEBULA 

Our first target is the first planetary nebula 
i ever discovered and the easiest one for 
binoculars. If you place mag. +3.5 Gamma (y) 
Sagittae at the south of the field of view then 
the Dumbbell Nebula, M27, will be just north of 
centre. It appears as a tiny, rectangular glowing 
cloud. With good skies and patience, you might 
make out a slight narrowing in the middle that 
gives it its common name, although it looks far 
more like an apple core than a dumbbell. It is 
quite large for a planetary nebula, being a little 
over two lightyears across. L] SEEN IT 


4 ALBIREO 

Albireo (Beta (f) Cygni) is the double star 

at the head of Cygnus, the Swan. Its two 
stars are 34 arcseconds apart, which makes them 
a good test for the optical quality of a pair of 
10x50s; if you can't split them, try mounting your 
binoculars. The brighter (mag. +3.1) star is a deep 
golden yellow, while the fainter (mag. +5.0) 
companion is a distinct sapphire-blue. Albireo 


CHARTS AND PICTURES: PETE LAWRENCE 
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is thought to be a true binary, separated by 
0.12 lightyears with an orbital period of 
about 75,000 years. CF SEEN IT 


8 NGC 6940 
Pretty open cluster NGC 6940 ought to 
be far better known than it is. To find it, 
start at mag. +2.5 Gienah (Epsilon (¢) Cygni) 
and navigate 3° due south to mag. +4.2 
52 Cygni. Now go the same distance to the 
southwest, where you will find an oval patch of 
light that extends to the same apparent diameter 
as the Moon. As you study the glow, you should 
be able to resolve eight or so stars. NGC 6940 
is about 2,700 lightyears distant and is thought 
to be around 800 million years old. (1 SEEN IT 


44 THE NORTHERN COALSACK 
Very slightly to the east of a line from mag. 
+1.3 Deneb (Alpha (a) Cygni) to mag. +2.2 

Sadr (Gamma (y) Cygni) is Barnard 348, a very 

dark patch in the Milky Way called the Northern 

Coalsack. E E Barnard was a 19th-century 
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astronomer who catalogued many of what had 
been thought since William Herschel’s time, to 
be ‘holes’ and ‘lanes’ cutting through the Milky 
Way. By studying photographs of them he had 
taken with the 40-inch refractor at the Yerkes 
Observatory, he realised their true nature: 


clouds of obscuring gas and dust. 1 SEEN IT 


& THE NORTH AMERICA NEBULA 
The North America Nebula, NGC 7000, 
is a large bright patch of nebulosity, the 

centre of which is about 3.5° east southeast of 

Deneb. In a very transparent dark sky it is visible 

as a slightly brighter patch of sky even to the 

naked eye with direct vision. If you are having 
trouble identifying it, see if you can make out 
the dark region that forms the ‘Gulf of Mexico’. 

This intervening gas and dust is another dark 

nebula and, once you have identified it, it can 

make the brighter glow of NGC 7000 more 
easily apparent. 1] SEEN IT 


@ THE EASTERN VEIL 


We switch to larger binoculars for this 

month’s challenge, the brighter part of the 
Veil Nebula, a huge supernova remnant. To give 
yourself the greatest chance of success, choose 
a transparent, moonless night and mount your 
binoculars. Imagine a line joining Gienah and 
mag. +3.2 Zeta (¢) Cygni, then locate the middle 
of the line and look just under 1° (about a quarter 
of the view) to the southwest. Use averted vision 
and, with patience, you should see the very faint 
curve that is the Eastern Veil extending across a 


quarter of the field of view. C1 SEEN IT 


Moonwatch 


Billy 


CRATER BILLY SITS on the 
southern shore of the Oceanus 
Procellarum. Its position close to 
the ocean’s dark floor and general 
appearance is quite reminiscent 
of crater Plato, which sits on the 
northern edge of the Mare 
Imbrium, albeit smaller. Billy is 
46km in diameter, Plato 100km. 

The similarity stems from 
Billy having a complete rim that 
surrounds a smooth, dark floor. 
This characteristic has resulted 
from basaltic lava filling Billy’s 
interior, creating a dark ‘pool’ 
of lava nestled within lighter 
highland features. 

Billy’s floor lies about 300m 
below the general lunar surface, 
with the impressive rim rising 
to around 1km above the floor. 
There appears to be a small gap 
in the southern part of this rim. 
Few features are visible on the 
floor save for a couple of craters, 
one light and one dark. 

Immediately to the north 
of Billy is Mons Hansteen 
(originally Hansteen Alpha), 
one of the brighter features in 
the region. This 30km triangular 
plateau, unofficially known as 
‘the Arrowhead’, is estimated 
to rise approximately 1km 
above the surrounding surface. 
Individual peaks may rise 
500m above this. 

It is interesting to contrast 
and compare the appearance 
of similarly sized Billy and 
Hansteen. Billy’s dark, flat floor 
looks completely different to 
Hansteen’s rugged concentric 
appearance. The rim of Hansteen 
is also more geometric, the crater 
appearing almost heptagonal 
in shape. The inner concentric 
features inside Hansteen’s main 
rim are dramatically interrupted 
by a smooth, dark, lava-filled 
region in the northeast 
quadrant of the crater floor. 

The position of Billy and 
Hansteen means that libration 


does affect the appearance of 
both craters. When favourably 
placed towards the Moon’s 
Earth-facing centre, both 
appear reasonably undistorted, 
with Billy taking on a circular 
appearance. When libration 
pushes them closer towards the 
Moon’s western limb, Billy 
looks considerably more oval. 
There is good opportunity 
to see this effect in action this 
month. On the evening of 12 
October libration favours the 
rounder appearance of Billy 
while on the morning of the 
22nd, it'll appear more oval. 


THE SKY GUIDE OCTOBER 59 


STATISTICS 


TYPE: Crater 


SIZE: 46km diameter 

AGE: 3.2-3.9 billion years 
LOCATION: Latitude 13.8°S, 
longitude 50.2°W 

BEST TIME TO OBSERVE: 


Four days after first quarter 
or three days after last 
quarter (12 October around 
22:00 BST and 27 October 
around 05:00 BST) 
MINIMUM EQUIPMENT: 


2-inch telescope 


Southeast of the main crater 
lies the prominent small crater 
Billy D (11km). This is the 
navigational starting point for 
locating the thin crack known 
as Rima Billy. It requires a 
12-inch or larger scope to see 
properly and extends south of 
Billy D, curving around to the 


west before heading in a straight 
line to the southeast. A separate 
crack may be seen in the small 
lava-filled region to the southeast 
of Billy D with another located 
85km due south of Billy D. The 
identification and subsequent 
designation for these rilles was 
not made until the early 1960s. 


“Basaltic lava has filled Billy’s interior, 
creating a dark ‘pool nestled within 
lighter highland features” 


OCEANUS PROCELLARUM 


4 Billy and nearby crater Hansteen are nearly the same size, but the contrast between them is stark 
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Astrophotography 


Uranus and its major moons 


RECOMMENDED EQUIPMENT 


High frame rate or CCD camera, 8-inch or larger telescope with an optical 


amplifier to achieve an effective focal length of around 10m or longer, longpass 
(red) filter for monochrome cameras when imaging the planet's disc 


THE ICE GIANTS Uranus and Neptune 
lead the planetary charge this month, 
being high and well positioned in the 
night sky. From the centre of the UK 
Uranus attains a healthy altitude of 45°. 
It also reaches opposition on 15 October 
when it should appear at its best to us. 
However, don’t get too excited, as the 
effect that opposition has on a planet’s 
appearance decreases with its distance 
from the Sun. Unlike the dramatic 
changes seen in the appearance of Mars 
at opposition, the difference between an 
opposition and non-opposition view of 
Uranus is subtle at best. 

The planet’s great distance from Earth 
presents us with a disc which is just 3.7 
arcseconds across. Compare that to the 
44 arcseconds presented by Jupiter when 
at opposition last March and you can see 
that getting detail from Uranus isn’t that 
easy. Its cold atmosphere doesn’t help 
matters either, as is actually rather 
bland in its appearance. 

The best way to extract any features 
from Uranus is to use a camera which 
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Uranus can show disc detail, 
and at the very least its green 
hue, but its main moons form 
another interesting target 


has good sensitivity in the long wavelength 
part of the spectrum. This could be a 
monochrome camera or colour camera 
with good infrared sensitivity. A longpass 
filter (eg 610nm longpass) is a good option 
as it allows the camera to concentrate on 
the red part of the spectrum, where most 
Uranian disc features stand out best. 
Good seeing and accurate focus are 
essential requirements because we’re 
trying image such a small disc; any 
wobbles or blurredness will easily hide 
any detail that is present. Exposure can 
sometimes be difficult to assess, and 
processing detail from Uranus’s disc is a 
subtle affair too. A registration-stacking 
program such as AutoStakkert should 
handle the initial processing without too 
much bother so long as the image doesn’t 
jump around the frame too much. 
Rescale the result in a graphics editor 
and gently tease it to pull out any weak 
bands visible on Uranus. A light touch is 


required here because it’s all too easy to 
introduce ‘features’ that shouldn’t be there. 

The moons of Uranus are a different 
matter altogether. Here, there’s no disc or 
detail information to be had, the emphasis 
being simply to get your camera to see 
and record them as points of light next to 
the planet. A longer exposure is required 
for this and will take you out of the 
normal millisecond range used for Solar 
System imaging into the lower end of the 
second range for deep-sky imaging. Here, 
stability of the telescope is critical. Windy 
conditions play havoc with tiny points of 
light imaged at high image scales, so be 
patient and try and collect as many sharp 
frames as possible. Hopefully, when you 
process them later on, your registration- 
stacking program will be able to identify 
any poor quality images and reject them 
from the end result. 

The final phase is to combine the 
planet image with any shots containing 
the moons. This can be quite tricky to 
do, especially in the damp of an October 
night as any dew on the telescope’s 
objective will cause light to scatter 
on the moons shot and blow up the 
apparent size of the planet so that it 
interferes with where the moons are 
on the image. 

Various ‘tricks’ can be used to re-align 
and compose the final image. Once done 
this will give you a shot of this incredible 
outer planetary family, the green emerald 
of the autumn night sky. 


KEY TECHNIQUE 


CHASING THE MOONS 

Uranus is a distant world that presents 
a tiny disc. However, there’s more to 
Uranus than just its disc and by using a 
suitable image scale and slightly longer 
exposure, it’s possible to reveal all five 
of its major moons. With a decent tilt 
angle relative to Earth, the plane of the 
moon orbits appear as wide ellipses, 
making them a very different and 
interesting target to follow over time. 


DX] Send your image to: hotshots @skyatnightmagazine.com 


STEP-BY-STEP GUIDE 
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STEP 1 Though it can be seen with the naked eye, to record Uranus 
with a high frame rate camera you'll need a large aperture instrument 
- 8 inches or larger to capture the planet at a small size, larger still if 
you intend to up the image scale using an optical amplifier such as 

a Barlow lens or Powermate. 


STEP 3 


Locate Uranus and 
practise imaging it at 
your scope’s native 
focal length. Once 
practised, introduce a 
Barlow or Powermate 
lens to increase image 
scale. Take your time, 
refining focus as 
accurately as possible. 
Due to the planet’s 
dim nature, you'll 
need to use longer 
exposures and lower 
frame rates than 

you would for the 
brighter planets. If 
necessary raise the 
gain to 70-80 per 
cent fo maintain a 
decent frame rate. 


Oberon 


Titania 


Umbriel 
Ariel 
Miranda 


Uranus 
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STEP 5 The moons require longer exposures, typically 0.5-5 seconds. 
If necessary adjust image scale with an optical amplifier. For reference, 
Miranda wanders 2.4x Uranus’s apparent diameter from the planet's 
centre, Oberon 11.4x apparent diameters. If you alter image scale, 
take a normal exposure of the disc for scale matching in Step 6. 
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STEP 2 


See our Planets 
spread this month 
for instructions on 
how to find Uranus; 
it should be pretty 
easy to see through 
a finder. Once on 
chip, it’s normally 
obvious if you've 
found Uranus as 

it will have an 
apparent size unlike 
a star. A monochrome 
high frame rate 
camera fitted with 

a red longpass filter 
typically gives the 
best chance of 
recording detail such 
as belts on the 
planet's disc. 


Show Gioping 


STEP 4 Adjust the gain and exposure to give you a bright but not 
overexposed disc. Record several thousand frames and process with a 
registration-stacking program. Tweak the result in an editing program 
using curves, brightness and contrast adjustments. Belts and zones can 
be hard to pull out so bear with it - apply small changes at a time. 


STEP 6 Process your moon capture shot using a registration-stacking 
program. Load into a layer based editor as the bottom layer. Load your 
Step 4 image as upper layer and align. Draw a circular selection around 
the upper planet, with a border but not out as far as the inner moon. 
Feather the selection by a couple of pixels, invert and delete. 
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In us) years, ‘the James Webb Gates Telescope will Recome our 
Riteges! eye in the sky. Elizabeth Pearson looks at its progress so far 


n the labs of NASA’s Goddard - 
Space Flight Center, the future 
of astronomy is beginning to 
take shape. It has been over 
20 years in the making, but the largest 
and most advanced orbital observatory 
ever built, the James Webb Space 
Telescope (JWST), is in its final sprint 
towards launch in October 2018. 


The space telescopé is set to 
revolutionise our knowledge of 
astronomy, making it a fitting tribute 
to the man whose name it bears. This 
month would have been the 110th 


' birthday of James Webb, NASA's second _ 


administrator, who transformed the 
agency into the pursuer of scientific 
exploration it is today. 


By looking at Universe in infrared, 
JWST will allow researchers to see a 
side of the cosmos that has been largely 
hidden from us. It will be able to peer 
through the veils of dust around stars — 
and catch light that has been travelling 
since the cosmos first began to shine. 

“The JWST’s science goals span across 
all different regions of astrophysics > 
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Primary mirror 
Science instrument module 
Spacecraft bus 


Solar panel 


Earth-facing 
antenna 


> and astronomy,” says Hannah Wakeford, a 
postdoctoral fellow at Goddard Space Flight Center. 
“Tt’s moving from the deepest, farthest reaches of 
time that we can observe, all the way through to 


Secondary mirror 


Sunshield 


our closest neighbours. It will investigate from the 
very largest things in our Universe down to the 


smallest things, like planets.” 


An eye of gold 


To do this, the telescope has to be able to pick up 
every infrared photon that falls on it, which is why 
it has been built with a huge 6.5m primary mirror. 
Designed to be folded for launch, the mirror has 
been constructed out of 18 hexagonal mirror 


FIRST LIGHT 3 


The JWST will be capable of 
looking back through time 13.5 
billion years, to a mere few million 
years after the Big Bang. It has been 
designed to detect the first light 
that ever shone in the Universe. 
“This is looking for the first galaxies 
and first sfars which formed after 
the Big Bang. We're looking farther 
back in time than We've ever 


looked before,” says Wakeford. 


GALAXY FORMATION 


By looking at light from the first 
few million years of thé Universe, 
JWST will be able,to follow the 
growth of galaxies. “Just like there 
was a Hubble Deep Field, there 
will be a James Webb Deep Field. 
This will look at galaxy structures: 
are they spirals, ellipticals or 
irregular? It will see how the shape 
and structure of galaxies is actually 
changing,” says Wakeford. 


a Once unfurled, the 
6.5m mirror will hopefully 
be able to detect every 
photon that touches it 


elements made from gold-coated beryllium. “Gold 
has really good reflective properties in 
the infrared part of the spectrum,” says 
Keith Parrish, Observatory Manager of 
the JWST. “Beryllium we chose because 
it’s machinable, lightweight, strong and 
stiff. It’s like it was put on the periodic chart 
specifically for building space telescopes.” 
Polished to a tolerance of 20nm, the mirrors 
have a near atomic level of precision. This is necessary 
to ensure that none of the precious light is scattered 
away from the focus point, and to maintain as 
sharp an image as possible. But to add even 
more complexity to the project, 
the team had to be sure that 


they would keep this exactness 

once cooled to the -233°C that 
the telescope will operate at. 

“We're attempting to view 


objects and scientific targets in 


the infrared, and that’s where heat is transported,” 
says Parrish. “If we don’t cool the telescope down 


the glow of the heat off that telescope will swamp 
our instrument detectors.” 

But working at these temperatures is not easy. 
The mirrors are so precise that even tiny expansions 


or contractions caused by temperature changes 

as small as a 1/1,000th of a degree could cause the 
mirrors to misalign. To prevent this its construction 
materials were chosen to withstand the extreme 
temperatures: beryllium for the mirrors and carbon 
composite for the main support structure. 

Cooling the JWST will be achieved by a 
surprisingly low-tech method, since relying on 
mechanical cooling techniques or cryogenic liquids 
is impractical for a 4,000kg space scope. Instead 


STAR BIRTH 


The infancy of stars has long 
been hidden from us by large gas 
clouds. However, by observing in 
the infrared, JWST*will be able to 
see right through these layers. 
“We'll be looking at very young 
stars which still have discs around 
them where planets will likely 
form. This is looking at all the 
stages of the birth of a star,” 
says:Wakeford. 


EXOPLANETS 


Over 3,375 confirmed exoplanets 
are known of, but JWST will go 
beyond merely locating these 
worlds. By observing the starlight 
that shines through a planet's 
atmosphere the scape will be able 
to observe what elements and 
molecules make up the planet's 
atmosphere. This will give clues to 
how planets form and may help 
in the hunt for life. 


4 This cryogenic chamber at NASA's Johnson Space 
Center will be used to test JWST’s optical elements 


JWST will keep cool by sitting in the shade, and 
will be taking along its own parasol in the form a 
five-layer sunshield the size of a tennis court. 

“The telescope is pointed out at space so we 
can cool down naturally,” says Parrish. “Each layer 
of the sunshield reflects a little of the Sun’s heat 
into deep space, so you drop down in temperature 
with each layer. The fifth layer of the sunshield 
is nice and cool, which enables the telescope to 
get as cold as it does.” 


The final assembly 

The sunshield is currently being pieced together 
with great care. Once constructed it will be attached 
to the spacecraft bus, the section of the telescope 
housing the communications and control systems. 
Meanwhile the mirror has been assembled, with its 
four scientific instruments mounted on the back. 
These instruments will use spectrographs and cameras 
to interpret the light gathered by JWST, ready for 
astronomers to conduct their research. 

The optical half of the observatory is currently 
undergoing eight months of tests to ensure that it 
will be able to survive the rigours of launch. This 
includes being cooled down in the largest cryogenic 
facility in the world to make sure it will operate as 
expected once it has reached the frigid temperatures 
of space. By summer 2018, the team behind the 
scope should be confident that the two halves are in 
perfect shape. The time will then come to combine 
them into the final telescope and complete JWST. 

The full scope will then be carefully packed away 
to fit inside an Ariane 5. As the rocket is too narrow 
to house the full telescope, the mirror has been 
constructed in three parts that will fold over each 
other. The sunshield will be concertinaed around 
the scope and held down to prevent it from flapping 
around and tearing. 

The launch date for JWST is scheduled for October 
2018. Once in space it will take two weeks, 178 
release mechanisms and 40 moving parts to fully 


SIZES 


+ JWST's primary mirror 
measures 6.5m across, 
dwarfing that of Hubble, 
a mere 2.4m. The mirror 
has been built with 18 


1.3m hexagonal segments. 


mel | 


e 


4 The team readying the 
mirrors for installation, 
checking the sunshield 
unfolds properly and is 
free of tears, and preparing 
each instrument; each 
requires extreme precision 
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MIRROR — 


deploy the telescope. It will take another two weeks 
for the telescope to reach the second Lagrangian 
point, an area of space 1.5 million km from our 
planet — far enough away that the Earth’s warm 
glow won't affect its readings. 

Once there, the telescope will finally be ready 
to observe the depths of the Universe for the next 
five to 10 years, unveiling a side of the cosmos that 
NASA has been waiting decades to uncover. 


4 The JWST has two wings of three mirror segments; 
both need to be folded for it to fit in the Ariane 5 rocket 


ABOUT THE WRITER 


Dr Elizabeth Pearson is BBC 
Sky at Night Magazine's news 
editor. She gained her PhD 

in extragalactic astronomy 

at Cardiff University. 
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DARKNES 


Light pollution has a major impact on what we can see in the — 
night sky, but is nota’ fatal problem, writes Steve Richards 


ee a 


ight pollution is an issue that yow ll n ti T 


affects all astronomers to some your sky 
extent, robbing us of the chance 
to see some of the finest viewsin 
the night sky. Just how damaging your to show hei 
local light pollution is can vary hugely, but _ level doe 


Find the brighter objects listed here on 
this month’s all-sky chart on page 54 


LIGHT POLLUTION OCTOBER 67 


City observers experience the worst light pollution. Careful positioning 


of your scope can obviate glare from very local sources, but sky glow 
results in a limiting magnitude of +4.0 or worse 


1 M31 = THE ANDROMEDA GALAXY 
RA: 00h 42m 42.0s 
Dec.: +41° 16’ 00” 


Although high magnification helps combat 
light pollution as it darkens the background 
sky, our first object is large and the view 
through binoculars is delightful. However, 

to glimpse some of the detail of its dark dust 
lanes will require viewing smaller sections 
of the galaxy through a 6-inch telescope 

at 100x magnification. 


2 ALBIREO 
RA: 19h 30m 43.281s 
Dec.: +27° 57’ 34.88” 


There are many colour-contrasting double 
stars but one of the most stunning is Albireo at 
the ‘beak’ end of Cygnus. Comprising bright 
golden-yellow Beta! (f') Cygni and a fainter 
blue, almost turquoise secondary, Beta? (f) 
Cygni, these ‘topaz and sapphire’ stars are 
easily split in a 3-inch telescope. 


3 M15 
RA: 21h 30m 00.0s 
Dec.: +12° 10’ 00” 


With its almost star-like bright core, this 
slightly oval globular cluster is rather 
unusual. High magnification will darken 
the background sky revealing fine chains 
of stars visible through an 8- to 10-inch 
telescope, although you certainly won't 
see the black hole that is believed to be 
responsible for the concentrated core. 


4 M45 = THE PLEIADES 
RA: 03h 47m 00.0s 
Dec.: +24° 07’ 00” 


A glorious collection of hot young stars 
shining in the late autumn sky, this stunning 
cluster is often used as a guide to observing 
conditions and can be viewed by the naked 
eye from the city as a faint brightness. 
Binoculars will reveal the brightest seven 
stars and many more. 


5 NGC 869 AND NGC 884 
= THE DOUBLE CLUSTER 

RA: 02h 19m 06.0s 

Dec.: +57° 08’ 00” (NGC 869) 


Binoculars will show this wonderful pairing 
of two beautiful clusters very well but 
magnifications of around 20x to 30x will 
separate out the individual stars nicely. 
Look out for the handful of orange stars 
within NGC 884. 


6 MU CEPHE!I - HERSCHEL’S 
GARNET STAR 
RA: 21h 43m 30.4s 
Dec.: +58° 46’ 48” 


This beautiful star was named ‘Garnet’ by 
William Herschel because of its amazingly 
strong red colour. A supergiant with a diameter 
greater than the orbit of Saturn, the Garnet 
Star is one of the largest and most luminous 
stars in the Milky Way. It is possibly the reddest 
star in the northern celestial hemisphere. > 
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1 NGC 457 = THE OWL CLUSTER 
RA: OTh 19m 30.0s 
Dec.: +58° 17’ 00” 


This bright, irregularly shaped cluster looks 
like an owl in flight with yellow and blue 
eyes, although it also carries the moniker 
‘ET Cluster’ as it resembles the little alien 
from the film of that name. The cluster is 

a fine sight through binoculars or a small 
telescope at low magnification. 


2 M33 = THE TRIANGULUM 
GALAXY 

RA: O1h 33m 54.0s 

Dec.: +30° 39’ 00” 


This face-on spiral galaxy has a low surface 
brightness despite its +5.7 magnitude, so 

it represents an interesting challenge from 

a suburban garden. Averted vision through 
a 6-inch or larger telescope will allow you 
to observe some of the flocculent detail 

in the arms of the galaxy that cause its 
woolly appearance. 


3 M34 = THE SPIRAL CLUSTER 
RA: 02h 42m 06.0s 
Dec.: +42° 47’ 00” 


At mag. +5.2 you might just glimpse this 
group of about 100 stars as a nebulous 
patch with the naked eye. However, the 
cluster is best seen through binoculars or 
a small telescope at low magnification, 
where careful scrutiny will reveal three 
distinctive curving arms that give it its 
nickname, the Spiral Cluster. 


4 M27 = THE DUMBBELL NEBULA 
RA: 19h 59m 36.0s 
Dec.: +22° 43’ 00” 


The first planetary nebula to be discovered, 
this unmistakable object is shaped like a 
dumbbell (or to some, an apple core) and 
is a lovely sight even through a small 
telescope, especially if you use an Olll filter 
fo increase the contrast. An aperture of 

8 inches or more will start to reveal some 
mottling across the nebula’s surface. 


With a typical limiting magnitude of +5.0 to +6.0, 
the Milky Way is visible though it will be weak 
at the horizon and washed out at the zenith 


5 M1 = THE CRAB NEBULA 
RA: 05h 34m 30.0s 
Dec.: +22° 01’ 00” 


The star that went supernova in the year 
1054 AD to form the Crab Nebula shone 
at four times the brightness of Venus, but 
not any more. Observable as a faint grey 
patch of nebulosity through a 6-inch 
telescope, its elliptical crab-shell shape 
will become apparent in a 10-inch or 
larger telescope. 


6 CALDWELL 28 
RA: O1h 57m 42.0s 
Dec.: +37° 40’ 00” 


A binocular sweep westwards from the 
base of the constellation of Triangulum 
will bring you to this lovely open cluster. 
A small telescope at low magnification 
will provide an exceptional view of the 
60 or so stars within, many of which are 
of spectral class A2, indicating that this 
is an unusually old cluster. 


- * “ue 5 
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1 NGC 281 = THE PAC-MAN NEBULA 
RA: 00h 53m 00.0s 
Dec.: +56° 37’ 00” 


Although popular with astrophotographers, 
the nebula represents quite a challenge for 
observers as it is rather dim. Edward E 
Barnard, who discovered the nebulosity, 
described it as “a large faint nebula, very 
diffuse”. A 10-inch or larger telescope 

will show the glow of the nebula, especially 
when used with an Olll filter. 


2 NGC 404 = MIRACH’S GHOST 
RA: O1h 09m 24.0s 
Dec.: +35° 43’ 00” 


This lenticular galaxy lies close to the 
bright orange star Mirach in Andromeda, 
from which it gets its common name. 
Lenticular galaxies don’t have any outer 
spiral arms and with no star formation 
there is no detectable outer detail, so 

it appears as a soft disc of light with 

an intense core. 


Rural observers are more fortunate, but still have no guarantee 
of dark skies as nearby towns will project a glow onto the 
horizon. Limiting magnitudes are typically +6.5 to +711 


3 STEPHENSON 1 
RA: 18h 54m 30.0s 
Dec.: +36° 54’ 00” 


This attractive open cluster is centred on the 
optical double star Delta (8) Lyrae, which is 
located on the northeast corner of the 
parallelogram that gives the constellation 
of Lyra its ‘lyre’ shape. Containing about 
50 stars, centre stage is taken by the lovely 
colour-contrasting pair of white Delta’ and 
orange Delta?. 


4 NGC 6939 
RA: 20h 31m 30.0s 
Dec.: +60° 40’ 00” 


Set against a dense Milky Way backdrop, 

in excess of 45 stars belonging to open cluster 
NGC 6939 will be visible through a 4-inch 
telescope, although this count will increase 
dramatically in an 8- to 10-inch instrument. 
Look out for chains of stars forming intricate 
patterns, including a distinct ‘V’ shaped 
pattern reminiscent of a flock of geese. 


5 NGC 6992 = THE EASTERN 
VEIL NEBULA 

RA: 20h 56m 24.0s 

Dec.: +31° 43’ 00” 


This object is part of the larger Veil Nebula, a 
supernova remnant from a star that exploded 
8,000 years ago. The eastern region can be 
seen through binoculars on a clear night. It 
appears as an arc of nebulosity broken into 
strands when viewed though a 10-inch or 
larger telescope with a UHC filter. 


6 NGC 7000 = THE NORTH 
AMERICA NEBULA 

RA: 21h 01m 48.0s 

Dec.: +44° 12’ 00” 


Aptly named, the nebula lies to the east of the 
bright star Deneb in Cygnus. Under transparent 
skies when the Milky Way is clearly visible, 
this huge nebula can be viewed with the 
naked eye and averted vision. This whole 
area is rich in emission nebulosity, open 

star clusters and myriad stars. > 


skyatnightmagazine.com 2016 


SCHNEIDER OLIVER/CCDGUIDE.COM, JOHANNES SCHEDLER/CCDGUIDE.COM X 5, MICHAEL BREITE/ 


STEFAN HEUTZ/WOLFGANG RIES/CCDGUIDE.COM, HANNES BACHLEITNER/CCDGUIDE.COM, 


BERNHARD HUBL/CCDGUIDE.COM, ROBERT SCHULZ/CCDGUIDE.COM 


Dark-sky site 


No artificial light to spoil the view, just the dark canopy of the night sky reaching from horizon 
to horizon. With a limiting magnitude of +7.5 larger galaxies will be visible with the naked eye 


1 M74 
RA: O1h 36m 42.0s 
Dec.: +15° 47’ 00” 


A ‘grand design’ galaxy, M74 is a face-on 
spiral with a low surface brightness. This 
makes it quite tricky to observe as it is rather 
diffuse in appearance. A telescope in excess 
of 8 inches will reveal some of the mottling 
across its face when used with a nebula filter. 


2 CALDWELL 2 - THE 
BOW TIE NEBULA 
RA: 00h 13m 00.0s 

Dec.: +72° 31’ 00” 


The high surface brightness of this lovely 
planetary nebula belies its +10.7 magnitude. 
A 4-inch telescope will clearly show the 
nebula as an oval disc. Increasing the 
aperture to 10 inches or more reveals its 
annular nature, with a clearly defined area 
of darker space between the central 

star and the brighter shell. 
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3 NGC 1514 = THE CRYSTAL 
BALL NEBULA 

RA: 04h 09m 18.0s 

Dec.: +30° 47’ 00” 


Observing this beautiful nebula convinced 
William Herschel that this type of object was 
not simply a distant star cluster. Seen through 
an 8- to 10-inch telescope, the nebula is 
almost perfectly circular: a central star 
surrounded by a hazy disc of nebulosity. Some 
structure becomes visible with an Olll filter. 


4 NGC 6946 
RA: 20h 34m 54.0s 
Dec.: +60° 09’ 00” 


This spiral galaxy is a hotbed of supernova 
activity — eight have been recorded in the past 
100 years. It can be quite a challenge visually 
as it has a low surface brightness. The bright 
core is visible in a small telescope but to view 
the spiral arms will require an aperture of 12 
inches or more. 


5 CALDWELL 19 = THE 
COCOON NEBULA 

RA: 21h 53m 24.0s 

Dec.: +47° 16’ 00” 


There is some confusion about the designation 
of this nebula and its embedded star cluster, 
but they are IC 5146 and Collinder 470 
respectively. A 4-inch telescope will show a 
circular smudge of light with two prominent 
stars but an 8-inch telescope at 100x 
magnification equipped with a hydrogen- 
beta filter reveals some darker regions. 


6 BARNARD 168 
RA: 21h 48m 48.0s 
Dec.: +47° 30’ 00” 


With the Cocoon Nebula centred in your 
eyepiece, reduce magnification to about 25x 
to reveal a lovely river of darkness snaking 
away westwards from the nebula and 
standing out against the rich surrounding 
stars of the Milky Way. This dark nebula is 
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caused by dust blocking the light of winds emanating from a massive central fascinating object is mainly an emission 
background stars. star, forming a bright ring of nebulosity. nebula. A small telescope will show a 
This one is quite a challenge, requiring small misty patch of light but the inclusion 
7 NGC 7008 = THE excellent transparency, but a 10-inch or of a UHC filter will reveal some of the dark 
FOETUS NEBULA larger telescope and a UHC filter will lanes traversing the nebula, and increasing 
RA: 21h 00m 30.0s create a great view. the telescope aperture to 8 inches will show 
Dec.: +54° 33’ 00” some tenuous filaments of nebulosity.@ 
9 M52 : 
Appearing as a small illuminated disc in RA: 23h 24m 12.0s << 
a inch nese. the shape changes to Dec.: +61° 35’ 00” ABOUT THE WRITER 
that of a lopsided ‘C’ when viewed through | Steve Richards is a 
a 10-inch telescope at about 100x Although it has a low surface brightness, this seasoned deep-sky 
magnification. The south-southeast region fine open cluster is just discernible with the ~~ observer and our 
is darker where it eats into the nebulosity naked eye and appears as a hazy nebulous i equipment expert. Read 
forming a slight arc, which gives the patch against a rich Milky Way star field ‘ his monthly Scope Doctor 
nebula its foetus-like appearance. through a pair of binoculars. An 8- to 10-inch column on page 87. 
telescope will show close to 80 stars with a : 
8 NGC 7635 = THE brighter western region. 
BUBBLE NEBULA 
RA: 23h 20m 12.0s 10 IC 1396 
Dec.: +61° 11’ 00” RA: 21h 39m 06.0s 


Access this month’s Bonus Content 
for software to help your telescope 
find each of Steve's targets. 


Dec.: +57° 30’ 00” 
The bubble shape of this dim emission 
nebula is caused by immensely strong stellar Although rich in dark nebulae, this 


skyatnightmagazine.com 2016 


ADVERTISEMENT FEATURE 


HARRISON fk mnie 
TELESCOPES oe CELESTRON’ 


Specialising in astronomical telescopes, 
we are authorised dealers for the 
leading brands. We stock computerised 
telescopes up to 20" apertures, Wi-Fi 
telescopes and a full range of eyepieces, 
filters, camera adapters and much 

more. In addition to our Astronomical 
telescopes we have Solar telescopes and 
binoculars as well as Giant binoculars 
for day or night use. 


@ MEADE 
> EXPL@RE 

8 BRESSER 
SMUG FH 


‘CORONADO’ 


Harrison 
es raptor @D 01322 403407 
TELESCOPE www.harrisontelescopes.co.uk 

: sales@harrisontelescopes.co.uk 


TELESCOPE HOUSE 


Telescope House is the UK’s longest 
established retailer of astronomical 
equipment and the number one place to get 
started in astronomy. From basic telescopes 
to advanced astrophotography systems, 

we can supply some of the best products 
from around the world. Check out our 
website, with active stock control, or visit our 
showroom to talk to the experts and view 
the large selection of telescopes, binoculars 
and accessories from major brands, 
including Bresser, Meade, Explore Scientific, 


Skywatcher and Lunt Solar Systems. 
: : D 01342 837610 


www.telescopehouse.com 
sales@telescopehouse.com 


‘Telescope House 7 


ESSEX ASTRO 


We are a family run shop based in 

Essex. We stock many top brands of 
telescopes, mounts, accessories and 
books, and aim to bring you an out of this 
world experience. We feel that it’s very 
important for customers to see products 
in the flesh to enable them to get the right 
telescope/equipment for their needs and 
budget. We believe in 100% customer 
satisfaction so why not come and pay our 
shop a visit for some friendly face to face 
advice? 


@ 01621 730533 
www.essexastro.com 
enquiries@essexastro.com 


Retailer 
uide 


Find the right one for you: buy your 
telescope from a specialist retailer 


SHERWOODS 


Sherwoods is a family owned optics 
business established for over 70 years 

and based near Stratford Upon Avon that 
specialises in the supply of astronomical 
telescopes, binoculars and accessories 
from leading optical manufacturers. As 

a specialist independent our product 
knowledge is very high and we offer more 
than just a source for discounted telescopes 
and binoculars. Full mail-order facilities, 
including overnight delivery on many of the 
telescopes and binoculars held from stock, 
either by phone or online. 


SHERW¢-DS 


D 01789 488880 
www.binocularhouse.com 


GREEN WITCH 


Green Witch a leading supplier of 

telescopes, binoculars and accessories for 

astronomy. Founded by former members of 

the Royal Greenwich Observatory in 1998, 

Green Witch is dedicated to helping you 

choose and use the right equipment. We 

also carry an extensive range of telescopes 

and binoculars for nature and leisure, which 

you are welcome to try before you buy. 

Whether you visit our showrooms or buy a 
online you can be sure of excellent service. P i SN 


a 


DD 01924 477719 - Birstall, West Yorks 
D 01767 677025 - Gransden, 

Beds & Cambs 
www.green-witch.com 


THE WIDESCREEN 
CENTRE 


Now in our 46th year, The Widescreen 
Centre offers expert, impartial advice - and 
some amazing deals - across a full spectrum 
of the best astronomy equipment. We stock 
all the major brands, so you can compare 
and contrast competing models. Our new 
dark-sky site near Ely, Cambridgeshire, 
offers evening openings by appointment 
and the opportunity to really see before you 
buy. New showroom opens October 4th. 


The 
Widescreen 
Centre since 1971 


TD 01353 776199 
www.widescreen-centre.co.uk 
simon@widescreen-centre.co.uk 


_ One day this might be 
a familiar sight, with 
mining posts spread 
around the Solar System 
to gather resources 


As Earth’s rising population depends 
on the finite resources of our planet, 
focus is shifting to the resources of 
the Solar System, writes Nick Spall 


ABOUT THE WRITER 


Nick Spall isa 
freelance space 
writer. He’s interview 
astronauts, and 
experienced zero-G 

7 and parabolic flights. 
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Shackleton crater, imaged 
here by the NASA's Lunar 
Reconnaissance Orbiter (inset) 
is known to contain ice 


ur planet faces a challenging 
future: by 2050 the number 
of humans it will be supporting 
is projected to increase from 
the current seven billion to over nine 
billion. As the prospects of providing 
for this growing number of people using 
Earth’s finite natural resources alone 
look increasingly unattainable — and 
costly from an ecological point of view 
— attention is turning to what space 
could offer humanity. 

As we continue to explore the Moon, 
planets and asteroids we will unlock new 
sources of water, minerals and power, all 
of which can help spread humanity across 
the Solar System. With new sources of 
minerals, chemicals and energy to meet 
expanded human and industrial needs back 
on our home planet, the ‘closed economy’ 
of Earth itself can be broken open. 

These new resources will continue 
to be discovered as the world’s space 
agencies continue to send out probes 
across the Solar System — ESA’s highly 
successful Rosetta mission to comet 


67P/Churyumov-Gerasimenko being 
just one example. But we already know 
where many resources are. 

Take water as an example. We know 
that frozen water exists in the polar 
regions of the Moon, within 20km-wide 
crater Shackleton, where the temperature 
is —233°C in the shade. Mars also 
appears to have frozen water beneath 
its surface in its the polar regions. Water 
also appears to exist in frozen form on 
asteroids, comets, extinct comets, the 
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Ah a, a 
Jovian moon Europa and the Saturnian 
moon Enceladus. 

Rare metals, such as titanium, tungsten, 
gold, iridium, platinum and magnesium 
may occur in quantity on asteroids and 
minor planets such as Ceres. Industrially 
useful metals including nickel, iron 
and cobalt are believed to be present on 
asteroids and the moons of Mars, Phobos 
and Deimos. And it’s not just materials 
that are out there: solar power is another 
key exploitable resource in space. This is 
already being used to power spacecraft, 
but it could also be made greater use of 
with collector-transmitters in Earth orbit. 
A solar plant at either of the Moon’s poles 
would be an almost constant source of 
power for manned lunar bases. 


Cutting the cost of space 
Apart from providing unlimited material 
for Earth-based industrial activity, making 
use of space resources would bypass 

the costly need to launch materials and 
propellant out of Earth’s gravity well 

into space, thereby opening up access 

to the Solar System. Staging posts could 

be created to service key needs. These 
would provide hydrogen and oxygen to 
turn into rocket propellant and water; 
mineral-bearing soil for crop production; 
and 3D-printing material and rocks for 
thermal insulation, habitat construction 
and radiation shielding. According to 
Olivier de Weck, professor of astronautics 
at MIT, processing lunar surface ice in-situ 
would allow for water and fuel provision 
across the Solar System at a cost of up to 


WHO WILL BE 
MINING SPACE? 


The companies at the forefront 
of prospecting in space 


Who We Are 


DEEP SPACE INDUSTRIES 

Founded in 2013, this California-based 
company is working with the Luxembourg 
government on asteroid prospecting plans. 
https://deepspaceindustries.com 


PLANETARY RESOURCES INC 
Founded by the X-Prize’s Peter Diamandis, this 
Washington-based firm is developing low-cost 
orbital telescopes to identify minable asteroids. 
www.planetaryresources.com 


Kepler tnaruy 2 Spove Engineering iLL 


KEPLER ENERGY AND SPACE 
ENGINEERING LLC 


This South Carolina-based startup hopes to send 
a mission to a near-Earth object to recover 
several tonnes of space rock for analysis. 
www.keselle.com 


68 per cent less than supplies launched 
from Earth. 

The profits from extracting metals and 
rarer minerals from asteroids could be 
impressive in future too. But access to 
space is currently very expensive and this 
will inevitably put a brake on the space 
economy. Costs are coming down though. 
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_ WHERE ARE THE SOLAR SYSTEM'S RESOURCES? 


The bodies of the Solar System are rich in resources. Here's where we'll have fo go to find them 


RARE METALS 


Titanium, tungsten, 

iridium, magnesium, 
Se “¢@ platinum and gold 

may exist in useful 
quantities.on the 3,000 near-Earth 


INDUSTRIAL METALS 


to be rich in nickel, iron and 


WATER 


Asteroids, Mars’s 

moons Phobos and 
Deimos, and minor 
planets are thought 


The Moon, Mars, 
asteroids, comets, 
Enceladus and 
Europa all possess 
frozen water. Its uses run from 


objects that pass our planet. The 
52.8km asteroid Mathilde, has an 
estimated value over $100 trillion. 


cobalt. Once mined, this material 
could be returned to Earth or‘used 
in off-world colonies and bases. 


rocket fuel production through 
to consumption by colonists 


and radiation shielding. 


Space-X has challenged the launcher 

market with lower cost access to low- 

Earth orbit (LEO) and geostationary orbit 

(GEO) thanks to its Falcon rockets. 

With less costly launchers like this, 

lunar landers and rovers may soon 

only be only £50 million to fly. In 

the longer term, as development 

of Reaction Engine’s Skylon 

spaceplane moves ahead, so the 

promise of satellites reaching 

orbit for just a few million 

pounds per launch becomes 

a reality. The current average 

cost for a standard commercial 

satellite launch to LEO is £60-70 

million. Even so, timescales of 

30-70 years are expected before space 

materials can viably be extracted. 
Mining in space is not going to be easy. 

The challenges are many and include 

anchoring equipment, telerobotics, signal 

delays, and even how dust and rubble 

moves in near zero-G. Mining processes 

such as surface rubble scraping, heating, 


4 Gold Rush-esque mining villages are still 
firmly the stuff of sci-fi - we've a lot of hurdles 
to overcome before we might see them 


POWER 


Sunlight 
captured by 
solar panels 

in orbit around 
Earth or stationed at the lunar 
poles could can be transmitted 
back to Earth or rerouted for use 
on lunar bases and colonies. 


and transferring material are also all 
highly challenging in space. And returning 
material safely is essential to avoid 
collision with Earth. Dusty conditions 
for astronauts inside their crew 
quarters will also pose difficulties, 
as will dust wear and tear on 
equipment — Klondike-style 
asteroid or lunar mining villages 
will be tough places to live in! 


But who owns what? 
At the same time as practical 
considerations are mastered, we 
also need to consider legal and 
moral questions. What is the law 
on taking water, rocks and minerals 
from Solar System objects and making 
use of it for economic gain? Many refer 
to the UN’s Outer Space Treaty of 1967, 
Article 1 of which states that since space 
territory is the province of all mankind no 
sovereignty rights can be claimed over it. 
However, only nation states have signed up 
to the treaty and private companies may > 
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> not be so respectful of its spirit. More 
recent legislation allows for flexibility in 
the future: 2015’s US Space Act, for 
instance, recognises the right of US 


citizens to own asteroid resources, but it is 


unilateral. Clearly, a future international 
licencing structure is needed to make 
prospecting natural resources in space 
safe, scientifically respectful and 


ultimately fair. The UN is the logical body 


to establish and monitor its licencing, 
monitoring and enforcement. 


Environmental ethics 
The ethical side of exploiting space 
starts with asking whether we should 
apply the same moral considerations 

as exist on Earth to areas of the Solar 
System that apparently have no life. 
Importantly, should companies or even 
nations be allowed to radically change 
natural wilderness areas? Ian Crawford, 


professor of planetary science at Birkbeck, 


University of London, has pointed out 
that vast areas of the lunar surface 
would need to be strip-mined to extract 
enough of the rare helium-3 isotope to 
use in future nuclear fusion reactors. 
Farther out in the Solar System, the 
contamination of Europa’s pristine 
subsurface oceans is an obvious example 
of the possible dangers to potential life- 
bearing environments that prospecting 
in the Solar System could bring. 

Some believe that wilderness areas 
should be established in the Solar 
System. In these zones, similar controls 
on mining and drilling could exist as 
apply to Antarctica. Planetary parks 
like our own national parks are possible, 
with natural features like geysers, rille 
valleys, canyons and peaks protected 
in conservation areas, and historic 
areas like the Apollo lunar landing sites 
covered by heritage sites. Involving the 
International Academy of Astronautics 


MINING MISSIONS 


ROSETTA 

Launched in 2004, ESA's 
probe to comet 67P landed 
a probe on the surface in 
2014, demonstrating the 
possibility of deep-space 
rendezvous with a small 
Solar System body. 


OSIRIS-REX 
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The NASA probe to 
asteroid Bennu launched 
on 8 September, with 

a mission to grab a 
sample from its surface 
and return it to Earth 


for analysis in 2023. 


HAYABUSA 2 

A Japanese ion-powered 
probe launched in 2014 
for asteroid Ryugu, which 
will release an explosive 
device to reveal fresh 
material and return a 


sample to Earth by 2020. 


PHOOTPRINT 

A proposed ESA mission, 
slated for launch in 2024, 
to land on the Martian 
moon Phobos and anchor 
there while collecting 
samples for return to Earth 
three years later. 


Would we harming life on 
Europa by instigating mining 
operations beneath its icy crust? 


(IIA), the Committee on Space Research 
(COSPAR) and the UN Committee 

on the Peaceful Uses of Outer Space 
(UNCOPOUS) will be useful in this 
regulation process. 

We stand on the threshold separating 
fiction and reality: that we can see the 
practical steps to take towards an economy 
which is not only global but which 
spans the Solar System is testament to 
the progress and development of space 
technology. It is progress that may one 
day secure humanity’s long-term future 
on this planet and provide the first step 
on the long, journey to finding another 
habitable world. @ 


Listen to BBC Radio 3 
) B® programme Another 
) 9 Giant leap to hear 
about the development 
of asteroid mining operations. 
www.bbc.co.uk/programmes/b06zpyx5 
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The current, planned and past launches furthering the technologies need to develop the space economy 


ASTEROID REDIRECT 
MISSION (ARM) 

An ambitious NASA 
mission to capture and 
move a small asteroid into 
Earth orbit for investigation 
by a crewed spacecraft, 
some time in the 2020s. 
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The Guide 


Introducing planispheres 


Even in the digital age, the planisohere remains an 
invaluable aid to getting your bearings in the night sky 


Once you've set the chart to 
match the current date and 
time, you'll be able to see 

° which stars are in the sky 


mm Sky at Night 


PLANISPHERE 


or budding stargazers, one the night sky and 

of the greatest aids to helping where they are on 

you find your way around any date and at any 

the night sky is the humble time over the year. 
planisphere. This lightweight astro This basic knowledge - 
accessory doesn’t look like much at the is useful for casual \ 6x aoa Sky at Night 


AGAZINE 


first glance, just two discs of cardboard stargazers and more PLANISPHERE 


and plastic fastened together with a central serious amateur peaapeepcllioet 


” 0, Stars, constellations & every Messier object. 
‘ee . ‘i : 
%, Use at night with a red light. 


pin. But this deceptively simple design astronomers alike. For 


belies the fact that a planisphere allows example, a planisphere can help 


WWW.SECRETSTUDIO.NET X 2, STEVE MARSH X 3 


you to work out which bright stars are in you to learn the constellations or 
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1 GET YOUR 
BEARINGS 
There’s one thing you 
need to know before 
using a planisphere, 
the cardinal points 
from where you live. 
If you don't have a 
compass, use the 
Sun. It rises in the 
southeast and sets 

in the southwest 

in January. 


3 HOLD IT UP 
To start with, look 
north, holding the 
planisphere so 
that the word 
‘north’ is at the \ 
bottom. If you change 
the direction you're 
facing, move the 
planisphere round so 
that the corresponding 
compass point is now 
at the bottom. 


even just identify a bright star you can see 
at a particular time. It can also be a useful 
aide-mémoire when planning an 
observing session. 

Although the two discs are pinned 
to each other, they can still be rotated 
independently of each other. Printed 
over most of the lower disc are the stars, 
constellations and brighter deep-sky 
objects that you can see from the chart’s 
latitude. Marked around the outside of 
this lower disc are the days and months. 


A window to the night sky 
The upper disc is slightly smaller than the 
lower one, so you can still see the day and 
month markings on the larger disc beneath. It 
will also have an oval window in it, revealing 
part of the star chart on the lower disc. 

The edge of this window represents 
the horizon with appropriate north, 
south, east and west markings, and 
everything within it is the visible sky. 
Just like the lower disc, the upper disc 
has markings around its edge. In this 
case, they denote the time of day. By 
lining up the date and time, the stars 
visible in the window will match the 
ones in the night sky at that time. We 
explain how to use a planisphere in 
the step-by-step guide above. 

You may notice that some of the stars 
(and in particular those near the southern 


2 SET THE 
PLANISPHERE 
Let's say you're 
heading out at 9pm 
on 15 October. Align 
the 9pm marker on 
the upper disc with 
the 15 October 
marker on the lower 
disc. The stars in the 
oval window should 
now match those 

in the skies above. 


The central pin 
the north celestial 


right will be the 
seven bright stars 

of the Plough. Use 
these and the five 
stars forming the W 
shape of Cassiopeia 
to get to know the 
constellations. 


horizon) are rather stretched out. This is 
because the sky is three-dimensional and 
it is being forced onto a two-dimensional 
disc, so it has to be expanded towards 
the edge of the chart. 

This tool should be an essential part 
of your night-sky arsenal. Planispheres 
are cheap, easy to use, robust (plastic 
ones more so), lightweight, portable 
and — best of all — they don’t need 


4 STAR HOPPING 
represents Polaris and 


pole. Just to its lower 


CASSIOPEIA 


Polaris 
(the Pole Star) 
a 


f THE PLOUGH 


[] 


electricity. The one important point to 
keep in mind when using one is that 
planispheres are designed to work at 
specific latitudes. If you try using one 
too far north or south of the location 
it has been designed for, you'll find 
that the stars don’t appear in the right 
positions. UK latitudes vary from 
50°N (southern England) to 60°N 
(northern Scotland). @ 


THE PLANET PROBLEM 


Why can’t | use a planisphere to find the planets or the Moon? 


Planispheres show objects that 

are ‘fixed’ in the night sky relative 

to Earth — that’s why they can be 
used year after year. However, this 
means that they can’t predict the 
location of planets or the Moon. 
Some manufacturers try to overcome 
this by printing details of planetary 
locations for several years on the 
back, but there is also a line printed 
on the chart itself that can help. The 
ecliptic, often shown as a dotted line, 
marks the plane of the Solar System, 
in which most of the planets orbit the 
Sun. If you discover a ‘star’ in the sky 
that’s not shown on the planisphere, 
then it is probably a planet. 


Mirphak@* 
cs 


4 Most planispheres include a line marking the ecliptic 
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he EQ6 mount and its many 
variants offer tremendous 
value for money, and are strong 
enough to hold telescope tubes 
up to 12 inches in diameter. They track 
well, have an easy-to-use controller and 
allow you to use a guidescope. However, 
they are let down by a rather poor 
set of alignment bolts. 

This is often referred to as the bendy- 
bolt problem, though it is not just the 
bolts that are the issue: what they screw 


How to 
Install and set up an EQ6 Wedge correctly 


ReneS Say goodbye to bendy-bolt drama in the EQ6 mount family 


against needs to be substantially 

stronger too. It can sometimes seem 

nigh on impossible to get the bolts firmly 
tightened while maintaining a good 
alignment, or you find you have achieved 
a good alignment but as soon as a heavy 


telescope tube is added something moves. 


Finally, a fix 

This is where the EQ6 Wedge comes in. 
Although there have been various after- 
market products that have attempted 
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TOOLS AND 
MATERIALS 


COMPONENTS 

EQ6 Wedge kit — this is what comes 
in the box. The two parts on the left 
attach to the horizontal axis of the 
mount. The part that attaches to your 
tripod or pillar is middle top. The 
instructions give a link to the 
manufacturer's website. 


= | eS - 
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TOOLS 

17mm or adjustable spanner, 5mm 
and 6mm Allen keys, small flat- 
bladed screwdriver, protractor 

or digital angle gauge. 


SUNDRIES 

Thick towel, blanket or camping 
mat to rest the mount on while 
installing the wedge. 


to provide a fix (such as stronger 
bolts, which only solves a part of 
the problem) there has not been 
such a comprehensive remedy until 
this product. Not only are the bolts 
a great deal stronger, but also the 
adjustment mechanism has been 
properly engineered. Rather than 
having two bolts pushing on a piece > 
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> of metal while being turned, the 
new mechanism uses the rotation 

of a bolt to move a threaded sleeve, 
which in turn moves the mount in 
altitude. There’s no bare metal against 
bare metal movement involved in 

the altitude adjustment. 

When the device first anneared its 
usefulness was immediately noted. It 
turns a mount that can be very frustrating 
to use into one where fine alignment is 
a breeze and the mount retains its 
alignment once done. There isn’t a great 
deal of choice in this price category for 
a mount that can take such a payload, 
and even with the extra expense of the 
wedge (€325) it is still very good value. 

The EQ6 Wedge has been designed 
to replace all of the lower part of the 
EQ6 mount that attaches to a pier or 
the tripod — in other words, the part 
that never moves in altitude. The wedge 
can be used with all the variants of the 
standard EQ6, including the NEQ6 
and HEQ6, and all the Pro, SynScan 
and SynTrek versions. It can also be 
fitted to the variants of the Orion 
version labelled Atlas. 


Learn the components 
Installation is fairly straightforward 

and the wedge is now supplied partially 
assembled. However, before starting 

it is worth taking a few minutes to 
understand how the wedge actually 

alters altitude (the azimuth adjustment 

is self-evident). This is simply a question 
of which bits can move in relation to 
others. Our Tools and Materials section 
shows you what comes in the box, and you 
can see the two side panels of the wedge on 
the left of the image. The bottom one has 
a lever attached to the altitude adjusting 
bolt and knob. The adjuster turns the 
screw that moves the lever, which revolves 
the central part of the side panel. 

This central part is fastened to the 
horizontal axis of the EQ6. For this to 
work the Allen screws that fasten the lever 
to the central axis must be tight and the 
Allen screws that tighten the outer rings 
of the side panels onto the central axis 
must be loose. When the mount has been 
aligned the Allen screws on the outer 
rings can be tightened. It is clearly very 
important to have the correct screws 
tightened and loosened when adjusting 
and then using the mount.@ 

Robert J Lucas is director of Virtual 
Science Ltd, where he designs virtual 
experiments for educational purposes 
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Slate” Ih 


Pop off the plastic covers of the horizontal 
axis using a flat-bladed screwdriver. Loosen 
the nut and remove the central bolt. Separate 
the top of the mount from the base. This can 
take some coaxing. Remove the plastic discs 
that separate the two parts. 


olen 


Tighten the bearings onto the mount by 
using the two bolts as shown here. The idea 
is that the central bearing parts are firmly 
joined to the mount so that when they rotate 
due to the adjuster moving, the upper part 
of the mount rotates to change its altitude. 


Sullele 6 


Tighten the Allen bolts that grip the side plates 
to the mount taking care not to overtighten. 
There’s a fair amount of friction between 
these surfaces so there is no need for these 
bolts to be hugely tight. You can now attach 
the wedge and mount to your tripod or pier. 


Slee 2 


Screw the long threaded bolt into the bearing 
end and attach it to the mount on the side that 
has a recess. Put the corresponding bearing 
end on the opposite side. Note the bearings 
(ie, the discs) rotate independently of the 
outer parts when the Allen screws are loose. 


STEP 4 


Attach the bottom plate using the Allen 
bolts. Tighten them a little at a time in 
a diagonal pattern. This plate has an 
attachment for your tripod; it can be 
detached if you intend to fix the wedge 
to a pier that has sufficient clearance. 


Loosen the bolts on the rings and lever, and 
set the altitude adjuster to the middle of its 
range. Use a protractor or gauge to roughly 
set the altitude to your latitude by moving 
the mount. Tighten the lever bolts allowing 
you to fine tune the altitude with the knob. 
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INSIGHT 


OF THE YEAR 


Expert advice from 2015's Sir 


ASTRONOMY Patrick Moore Award for Best 
PHOTOGRAPHER 


Newcomer prize winner 


BA PROCESSING 


The hidden details in the Sword of Orion 


David started imaging in 2014, and won an IAPY prize in 2015 — here's how 


4 The 19-second exposure shows the core clearly but none of the extended nebulosity around it 


4 Conversely in the 117-second image the nebula is majestic but the core awfully overexposed 
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rion’s Sword has a wide 
brightness range that cannot be 
captured in a single exposure. 
To produce this IAPY Best 
Newcomer-winning image I had to take 
three exposures of 19, 44 and 117 seconds. 
These images were saved as Tiff files and 
named Orion 1, Orion 2 and Orion 3. 
When I reviewed them it was immediately 
apparent that detail in the brightest areas 
had been lost and the outer areas of the 
Orion Nebula did not contain much 
colour or structure; I had to use Photoshop 
to bring out these finer details. 

The Shadows/Highlights tool is a simple 
and easy way to make adjustments to the 
light and dark areas of an image. For the 
shortest exposure image, select Image > 
Adjustments > Shadows/Highlights 
and set the shadows to 0 per cent and 
highlights to 100 per cent. This darkens 
the burnt out areas but leaves the stars 


bright. Save this image as Orion 0. Next 
use the longest exposure image (Orion 3), 
and repeat the process but set shadows 
to 50 per cent and highlights to 0 per 
cent, this brings out more detail in the 
underexposed areas, then save as Orion 4. 
The five images have different colour 
balance and exposure levels, which need 
to be corrected, but you have to take care 
not to create a totally black, unnatural 
sky. This is done by adjusting the image’s 
black and white points. 


Creating your new black 
Select the eyedropper tool and in the 
menu at the top of the screen set the 
sample size box to ‘3 by 3 average’. Hold 
the shift key and click on a dark point 
in the image to create colour sample 
point #1. Now zoom in to the brightest 
part of the image and repeat to create 
colour sample point #2. 

Click Image > Adjustments > Levels 
and double click on the ‘set black point’ 
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eyedropper icon. In the RGB boxes type 
20, 20, 20 and click OK; now use the eye 
dropper tool to click on colour sample 
point #1. Repeat for the ‘set white point’ 
eyedropper icon, setting the RGB values 
to 245, 245 and 245, and clicking in 
colour sample point #2. 

This process needs to be repeated for all 
of the five images, and you need to ensure 
that the two sample points are in the same 
position in each one. Save the individual 
images at the end of each stage. Using 
these settings will not give a burnt out 
or too black an appearance to the sky. 
Each image should now have the same 
exposure range and colour balance but 
differing amounts of detail. 

Now we need to blend the five images 
together while keeping the appropriate 
detail from each. Open Orion 0 (the 
darkest image) first, as your background 
image, then open Orion 1-4 sequentially as 
new layers above it. Make sure the 
alignment of each layer is correct. You will 
be left with a stack, with the darkest image 
at the bottom and the brightest image at 
the top. You can change the title of each 
layer by double clicking on it, but this is 
not really necessary. 


Blending the core 

Select the Background Layer and Layer 1, 
with Layer 1 being the active layer. Select 
Layer > Layer Mask > Reveal All to create 
a layer mask. Set the paintbrush tool to 
colour black, size 20, hardness 0 per cent 
and opacity 50 per cent, then click in the 
layer mask (the white box) to make it 
active. Paint over the burnt out area of 
Layer | to reveal the darker area of Layer 0 
below. Any errors can be painted over by 
using a white paintbrush. 

Repeat this process for the remaining 
three layers, with the layer blending 
mode set to Normal. Once you are 
satisfied that the best selections have 
been made for all layers, save your file 
in the PSD format. Finally click Layer > 
Flatten Image and crop as required. 
Make any other minor adjustments 
— perhaps the dodge and burn tools, or 
adjust colour saturation —and save the 
final image with a different file name.® 


David Tolliday won the IAPY 2015 
Sir Patrick Moore Award for Best 
Newcomer with this image 


> The final processed image, 
showcasing the huge brightness 
range within the Orion Nebula 
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SKILLS 


Our resident equipment specialist cures your 
optical ailments and technical maladies 


The worm drives on my Sky-Watcher EQ5 
mount are in need of lubrication. Any tips 
or recommendations on greases to use? 


KAREN BURNS 


In normal use, you shouldn’t really 
have to re-grease your worm drive 
gears so it would be wise to check for 
other faults first such as over-tight gear 
meshing or poor balance. If you have 
ruled out any other issues 

, and still wish to re-grease 

you drives, there are 


some options. 
\ The rather 
heavy-duty grease 


w& used by the 


/ thick, somewhat 
~~ 


manufacturer of your EQ5 mount is 
often cited as an issue but in reality, 
it really is not that bad! In fact, it does 
have a positive effect with regard to 
backlash, which can be a problem 
with this mount, especially in the 
Dec. axis, but also in the RA axis. 
Unless your mount has been 
‘tuned’ by lapping the gears and 
upgrading the bearings, you should 
be careful about using the often- 
recommended lithium grease. This 
variety is indeed a good choice for 
finely crafted gears, although you 
do still need to be careful even then 
as the constituent parts of the grease 
can separate into an oily film 
and chalky powder 
when it gets warm. 
The manufacturer 
of these mass- 
produced mounts 
has chosen the 


», Sticky grease they 
have for a good 
reason so don’t 
move too far away from their 
specification. Lithium grease is 
really too thin, so consider using 
Superlube grease. This is very stable, 
contains PTFE, and works without 
separating under a wide range of 


temperatures such as those 
» experienced by astronomers. 


< Use too thin a grease on this EQ5 
and you may experience issues later 
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STEVE'S TOP TIP 


What is flocking? 
Reflections produced inside a telescope diminish 
the contrast of the images seen through the 
eyepiece or captured on your camera. Although 
telescope manufacturers try to fame internal 
reflections by painting the inside of their optical 
tubes with matt black paint, this can be 
improved upon by lining the optical tube 


ith flocking material. 
T Fledting ere is designed to absorb light 
through its microscopically ‘rough’ surface and 
very black finish. Available in self-adhesive 
sheets, the flocking material is simply stuck fo 
the inside of the tube once you have temporarily 
removed the optical elements. 


My six-year-old wants a telescope for 
his birthday. Can you recommend any 
child-friendly setups? 

MAYA THOMAS 


Six is a great age to become interested in science 
and a telescope opens up all sorts of interesting 
investigations for a child. To keep their attention, 
the instrument should be as easy to use as possible. 
Although a refractor is the usual child’s perception 
of what a telescope should look like, a Dobsonian 
mount is simpler to assemble and use as well as 
offering the largest aperture for your money. 
Telescopes that should be on your shortlist, 
depending on your budget, include 
the Celestron FirstScope 3-inch 
Telescope, the Sky-Watcher 
Heritage-100P or the 
Sky-Watcher Heritage-130P Flextube. 
If you really want to push the boat out 
and buy a more serious instrument 
that you can both really enjoy, the 
Sky-Watcher Skyliner 150P 
Dobsonian is very hard to beat. 


If ‘looks’ are as important as 
‘looking’ then you could consider 
the Celestron AstroMaster 90EQ 
refractor, which can also be used 
for terrestrial observations. Pe > 4 


> Celestron’s FirstScope is an iconic 
refractor, but a Dobsonian will give 
you more aperture for your money 
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Steve Richards is a keen astro imager 
and an astronomy equipment expert 
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Email your queries to scopedoctor@skyatnightmagazine.com 
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Bien-dire, Punto y Coma and Tutto Italiano. e Speak French, Spanish or Italian with 
confidence by learning the language as 

Bien-dire, Punto y Coma and Tutto italiano are all published six it’s really spoken 

times a year from France, Spain and Italy and include a glossy * Improve your vocabulary and listening 

magazine packed full of lively, topical and original articles and comprehension 

in-depth interviews in French, Spanish or Italian to give you the * Improve your knowledge of French, 

inside track on French, Hispanic or Italian culture. Key words and Hispanic or Italian culture 

phrases are glossed into English on the facing page. The articles, * Lively, relevant and up-to-date, authentic 

in turn, are narrated on the accompanying 60-minute audio CD content 

to enable you to improve your listening comprehension and * Take advantage of on-going, portable 

understand French, Spanish or Italian as it’s really spoken. and flexible learning 


In addition, every feature is graded for difficulty so that 
you can assess your progress with each issue. 


Subscribe Today to either 
Bien-dire, Punto y Coma or 


If you now want to be able to speak like a native, a subscription Tutto italiano for a year for 


to Bien-dire, Punto y Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. and you will receive an 
extra issue, worth over £16 
for FREE, and a FREE 
electronic dictionary 
bookmark worth £24.99-a 


combined saving of £51! 
Order TODAY By calling 
0800 141 2210 
Outside the UK call 
+44 117 927 2236 


Or order by visiting our website: 
www.languages-direct.com/HRM1016 
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HOW WE RATE 
Skyat Night @ Each category is given a mark 
pas out of five stars according to how 
well it performs. The ratings are: 
tb” Outstanding 
tok Very good 


—_ ; tok kk Good 
Bringing you the best in equipment and accessories Jotokbk Average 


each month, as reviewed by our team of astro experts kkk Poor/Avoid 


9O 


Find out why this short 
focal length achromat 
is ideal for visual use 


SEE INTERACTIVE 360° MODELS OF 
ALL OUR FIRST LIGHT REVIEWS AT 
WWW.SKYATNIGHTMAGAZINE.COM 


This month’s reviews 


First light 

90 Explore 94 98 Pulsar ] @) We rate four ] @) Including 
Scientific AR152 ASI224MC-Cool 2.2m of the latest this flat-field 

doublet achromat colour camera home observatory astronomy titles Barlow lens 


Find out more about how we review equipment at www.skyatnightmagazine.com/scoring-categories 
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FIRST light 


Explore Scientific 
ARI52 doublet 
ac 


romat refractor 


A G:inch telescope ideal for visual use, though it has an imaging trick up its sleeve 


See an interactive 360° model of this telescope at aX y 
www.skyatnightmagazine.com/arl52doublet  ~ 


WORDS: PAUL MONEY 


SKY SAYS... 


secondary hand hold. The 8x50 
On Saturn we 


VITAL STATS 


straight-through finder has a clear field 


e Price £582 
e Aperture 152mm 
(6 inches) 
e Focal length 988mm 
(f/6.5) 
e Optical design 
Fully multicoated 
air-spaced doublet 
e Mounting 
Mounting rings with 


he Explore Scientific AR152 
f/6.5 air-spaced doublet is a 
short focal length achromat 
refractor. It is supplied with 


a dielectric star diagonal with a 2- to 
1.25-inch adaptor, a triple-ring cradle 
with a sturdy carry handle, 8x50 
straight-through finder, and dust caps 
for front and rear of the telescope. The 
1,042mm-long tube is constructed 

from aluminium and stainless steel, and 
including its accessories it weighs 10.7kg. 


were able to 
see the Cassini 
Division, as well 
as subtler details 
such as a darker 
polar hood 


of view of 6°, and the front objective 
can be adjusted to achieve a crisp 
focus. We were able to spot many of 
the brighter deep-sky targets in the 
finder, which helped us to locate and 
centre them in the main scope with 
ease. We felt its plastic adjustment 
screws could be easily damaged, but 


replacements can be requested from the supplier. 
The Crayford focuser offers 107mm of travel, 


WWW. THESECRETSTUDIO.NET X 3, PAUL MONEY X 2 


handle and Vixen- 
style mounting bar 

e Focuser Dual-speed 
10:1 Crayford 

e Weight 10.7kg 
including accessories 

e Extras 8x50 finder, 
removable dew shield, 
2-inch dielectric 
diagonal with 2-inch 
to 1.25-inch adaptor 

e Supplier Telescope 


The doublet is the front lens and it is fully 
multicoated. The scope has a focal length of 
988mm, which gives a focal ratio of f/6.5. This 
is relatively fast for a 6-inch refractor. However, 
‘fast’ focal lengths in a refractor mean that all the 
wavelengths of light are not brought to the same 
focus. Hence this is an achromat, one where the 
doublet brings most of the light to a focus, 
but usually at the expense of slight colour 
fringing or chromatic aberration on bright 
targets. In most cases this is not too obvious 


neue with the Explore Scientific AR152. The scope 
e www.telescopehouse. ; . 
pees is a good balance between size and cost. 


e Tel 01342 837098 


We found the carry handle on the tube cradle 


useful when carrying the scope to our mount. 


There is also a second support bar located at the 


base of the tube, before the focuser, giving a 


M17 in hydrogen-alpha, stacked 
from 29 exposures of 60 seconds 
at ISO 1600, captured with a 
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Canon EOS 50D DSLR 


which is quite generous and allowed us to achieve 
focus with the supplied diagonal plus our own 
eyepieces and camera gear. It also has two bolts 
on its underside, one providing additional tension 
if needed and the other locking the focuser in 
place. We did find some play in the locking bolt, 
which shifted focus when tightened, but we soon 
discovered the sweet spot for focusing and locking 
it in place. Fine focus is provided by the dual-speed 
focuser and this proved handy for getting crisp 
views of the stars and planets. 


Sharp stars, slight distortion 

We attached the telescope to our own NEQ6 Go-To 
mount and performed a star test on bright Altair in 
Aquila with our 26mm eyepiece. Altair was pin sharp 
from the centre to around 80 per cent towards the > 


HYDROGEN-ALPHA IMAGING 


Though primarily a visual instrument, you can also use this 
scope for deep-sky astro imaging if you accept that the 
brightest stars will have blue-violet haloes. Our images of 
M13, the Great Globular in Hercules, still showed plenty 
of stars and indeed even the nearby faint, small galaxy 
NGC 6207. However, you can reduce optical aberrations 
if you take your captures through a hydrogen-alpha filter. 
This cuts down the range of light that the achromat has 

to focus and works well on images of nebulae even 
during periods of moonlight. To illustrate this, we took a 
series of hydrogen-alpha images of M17, the Omega 
Nebula in Sagittarius, while the Moon was nearby. We 
captured plenty of nebulosity without the effects of the 
chromatic aberration spoiling the image. 
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DEW SHIELD AND COLLIMATING CELL 


The removable dew shield was a little tight, but gave good 
protection from dewing up, and in several hours’ use we 
had no dew trouble. If removed it allows access to the 
front lens cell, which can be collimated should the need 

arise. We found initial collimation to be spot on. 


MOUNTING 


The scope has triple-ring cradle and a universal 
mounting bar that will fit most popular makes 
of mount on the market. The cradle and rings 
are sturdy and have a strong carry handle 
built into the top, making setting up easier. 


FOCUSER 
The focuser is a dual-speed 10:1 Crayford-style with 


FINDER 


oni The 8x50 straightthrough finder has an adjustable front lens and a 
a generous 107mm of focus travel. There are tensioning : . Neate teas: : : 
f : dual-ring mounting with six-point adjustment attached to a quick 
and locking bolts on the underside; the latter locks the : : : 
ss ; : : . release bracket. It offers a field of view of 6°. The rather flimsy 
focus position although we did notice a little shift when eae aein act b ‘ied finesded 
it was tightened. The focuser can take either 2- or a a aa ac a Ra 


1.25-inch eyepieces with the supplied adaptor. 
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FIRST light 


The 6-inch front lens is an air-spaced, 
fully multicoated, achromat doublet. 
For visual use this gives good colour 
correction with only slight colour 
fringing on the brightest stars and 
the Moon. The colour fringing is 
more pronounced in images. 


> edge of the field of view, with 
only some slight distortion. 
There was a little colour 
fringing at the field edge. 

We aimed at Saturn to catch 
it before it was lost to view 
behind our garage. Although 
small in the estimated 1.3° field of 
view of the 26mm eyepiece, adding a 
5x Powermate lens gave a rewarding 
view. We were able to see the Cassini 
Division between the A and B rings, as well 
as subtler details such as a darker polar hood 
and northern belt. This was in moments of steady 
seeing conditions. We found by switching the 
5x Powermate for a 3x Barlow we were able to spot 
the moons Titan, Rhea, Tethys, Dione and Iapteus. 

Our own Moon was replete with detail and 
crisp craters. The ray pattern from Tycho was 
particularly good, although we did notice a 
greenish tinge to the lunar limb when the view 
was not quite centred. Nonetheless it withstood 
high magnification when the conditions allowed, 
so it was very pleasing to the eye. 

The Explore Scientific AR152’s strength is 
undoubtedly as a visual instrument, something 
reinforced when we turned it to the deep sky. It 
impressed with its deep-sky views of the Omega 
Nebula, the Ring Nebula, the Double Cluster and 
the Andromeda Galaxy with its companions, and 


4 Globular cluster M13, stacked from 30 one-minute 
exposures at ISO 1600 taken with a Canon EOS 50D DSLR 
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with the 5x Powermate we were able to split 
triple star Iota Cassiopeia. Although you can 
take photos through it, its achromatic front 
lens is not best suited for astro imaging, 

but it can still produce acceptable results 

— especially in hydrogen-alpha.@ 


VERDICT 


BUILD & DESIGN 
EASE OF USE 
FEATURES 
IMAGING QUALITY 
OPTICS 


OVERALL 0. 0.0.0.4 


<The Moon on 17 July, 
stacked from 24 exposures 
of 1/640-second at ISO 100 
with the same camera 


, ro} 1 a] ’ ; 
lank Ing imaging. > 01520212256 
- ’ ; ZS: »  info@iankingimaging.com 
oo __--+ 3. Simplifying the art of astro imaging 
lan King Imaging are the Premier UK supplier / 
of Takahashi Telescopes and Accessories. 


' We keep many of the most popular models in 
stock and offer both imaging. expertise and the 
assurance of excellent after sales support. 


' Please check-out our new Takahashi website 
www. lakahashiuk. CO. uk 


eo. 
. 


SATUINZS TAKAHASHI 1anKingimaging 


WELCOME 


TO THE 


UNIVERSE 


= Neil deGrasse Tyson, 

Contact us at: sales@pulsar-observatories.com Michael A. Strauss & 
J. Richard Gott 

Or call: 01366 315006 


MICHAEL 
A Cloth $39.95 £29.95 


Mob: 07725 956071 rave me ie mg | DEGRASSE STRAUSS 


2.2m Short Height TYSON 


From £2595.00 


2.2m Full Height f 
From £3395.00 SSS ° ‘ Breathtaking in scope and stunningly illustrated throughout, Welcome 


— —_ to the Universe is for those who hunger for insights into our evolving 
2.7m Short Height fF | universe that only world-class astrophysicists can provide. 
From £3595.00 
“All three of these authors are experts in the field, and they are also 
engaging writers. This is a very good book. There is nothing on the 
market that quite matches it.” 
—Sean Carroll, author of The Particle at the End of the Universe 


2.7m Full Height 
From £4595.00 


Pulsar Ciemenauenten (|> PRINCETON UNIVERSITY PRESS 


www. pulsar-observatories.com 


See our E-Books at press.princeton.edu 
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See an interactive 360° model of this camera at 


www.skyatnightmagazine.com/asi224mccool 


ZWO ASI224MC-Cool 


OUF Camera 


This active-cooled version of the ASI2Z24MC offers exciting potential 


WORDS: PETE LAWRENCE 


VITAL STATS 


e Price £656 

e Sensor Sony IMX224 

e Pixels 1304x976 
pixels (3.75ym square 
pixels), sensor 
measures 4.8x3.6mm 

e Size Cylindrical body 
83mm long, 76mm 
diameter 

e Weight 400g 

e Extras 1.25-inch 
adaptor, USB 3.0 
cable, ST-4 guide 
cable, 2-inch and 
1.25-inch caps, 
replacement desiccant 
tablets 

e Supplier 365Astronomy 

e www.365Astronomy. 
com 


e Tel 020 3384 5187 


WO has brought a number 
of high frame rate cameras 
to the market, mostly aimed 
at imaging the planets, the 


Sun and the Moon. The range has 
recently been expanded and now 
includes actively cooled versions of 
the more popular models, effectively 
opening up the market for serious 
deep-sky imaging. 

Here were looking at the cooled version of 
ZWO’s ASI224 one-shot-colour camera, the 
ASI224MC-Cool. Having already established the 
ASI224MC as a superb camera (we reviewed it in 
January 2016 — see this month’s Bonus Content), 
our focus here is how this cooled variant fares 
when imaging deep-sky targets. 

Planetary imaging requires a high frame rate 
using very short exposures to help overcome 
distortions introduced by Earth’s atmosphere. 
Deep-sky imaging requires long exposures in 
order for faint detail to record and is essentially 
a low frame rate pursuit. Yet despite initial 
appearances, planetary and deep-sky imaging 
share a problem: noise is a big issue for both. 

The ASI224MC-Cool has extremely low read 
noise, which is essential for achieving clean 
short-exposure images. Its sensitivity is also 
excellent with peak quantum efficiency (QE) 


SKY SAYS... 
This is a superb 
camera for the 
Moon and 


brighter planets, 
and it’s great for 
white-light solar 
images too 


around 75-80 per cent at 600nm. 

QE indicates how much incoming 
light is actually recorded. This 
sensitivity is good for planetary 

and deep-sky imaging, but the 
longer exposures required for 
nebulae, galaxies and clusters 

suffer due to the build-up of ‘dark 
current’ noise. This manifests itself 
as a continually building random 
signal in a pixel, and is more pronounced the 
warmer the sensor is. This is where the camera’s 
active cooling helps, because being able to cool the 
chip to 30-40°C below ambient temperature greatly 
reduces the effect of dark current noise. 


Quick and easy set up 

The camera connects to a host computer via 

a USB 3.0 connection which handles the large 

amount of data produced and supplies base 

power for high frame rate operation. A power 

source is required for active cooling (12V, 

2A max), but strangely no suitable power supply 

or even a battery connector cable is supplied. 
Driver installation was quick and efficient 

using the latest generic driver installer from the 

ZWO website. The camera can be used with 

Windows, Mac and Linux operating systems. 

Control requires the use of a third-party > 
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SHARED SENSOR TRIUMPH 


As with the non-cooled ASI224MC, it is 
the camera's sensor that impressed us. Its 
high sensitivity across the RGB range is 
excellent, biased towards red and green 
wavelengths. It also retains high red 
sensitivity at the hydrogen-alpha 
wavelength of 656.28nm, which is great 
for deep-sky work. The sensor also has 
relatively high infrared sensitivity, 
similarly useful for planetary imagers. 
We were able to get some great 
results using relatively short exposures 
and our test 4-inch refractor. The sensor 
recorded some excellent colour from the 


Dumbbell Nebula, M27, while a shot 
of the core of the Andromeda Galaxy, 
M31, produced an on-screen image full 
of the warm yellow tones you'd expect 
from that region. 

Thermal noise is apparent as you extend 
the exposures into the multi-second range, 
but after turning the active cooling on there 
is a noticeable reduction in its appearance. 
The sensor is best suited for taking a 
large number of short exposures of 
between one and 30 seconds. These 
then need to be calibrated, aligned and 
stacked to produce the final result. 
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USB 3.0 INTERFACE 


As well as providing power for 
the core high frame rate camera 
operation, the USB 3.0 connection 
also allows the camera to operate 
at 150 frames per second with 
10-bit data, or 64 fps with 12-bit 


data using the whole sensor array. 


COOLING POWER 


The cooling system requires 
external power (12V, 2A max) 
in order to work. No power 
supply or battery connection 
cable is provided with the 
camera, which is an oddity 
as it is required to use 
sensor cooling. A small LED 
illuminates on the rear of the 
camera to indicate cooling 
power is being supplied. 


ST-4 GUIDE PORT 


As well as being a camera in 
its own right, the ASIZ24MC- 
Cool can be used as a guide 
camera, and it has an ST-4 
port on the rear for this 
purpose. A guide cable is 
supplied. Using third-party 
software, it’s then possible to 
use it fo autoguide a mount. 


COOLING SYSTEM 


The camera's active cooling circuit can 
reduce sensor temperature to 35-40°C 
below ambient in just a couple of minutes. 
Cooling is assisted by a virtually silent 
maglev fan combined with the use of a 
large heat sink visible through the side 

of the main body. Cooling helps reduce 
thermal noise during long exposures. 
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igh 
i | RST lig t The camera's cooling system is efficient enough to cause moisture in the air to form frost on 
. 


the chip surface. ZWO addresses this by placing four desiccant tablets in the sensor cavity. 
4 Should frosting occur regularly, one set of replacement tablets is provided. Ironically the 
\ requirement to open the sensor cavity to replace them is accompanied by a warning 
stating that opening the cavity is not recommended. 


> application such as SharpCap 
\ or FireCapture. We used 
FireCapture for our tests. 

The 4.8x3.6mm 

IMX224 sensor covers 

a relatively small area 

of sky. Using our own 
4-inch refractor, which 
has a 918mm focal length, 
our frame covered 18x13.5 arcminutes. 
We found the image scale placed greater demands 
for higher mount alignment and drive accuracy. 
You should seriously consider using an autoguider 
and focal reducer when deep-sky imaging with = 
the ASI224MC-Cool. by-side showed the cooling had made a noticeable 


Testing on warm summer nights generated a difference. Colour noise ‘grain’ and random ‘sparkles’ 
fair bit of long-exposure sensor noise without were reduced in the cooled image. Amp glow was 
cooling. With 30-second exposures and mid-level also present manifesting itself as a boomerang- 


gain, we were pleased with the detail and colour we _ shaped brightening along the right and bottom 

got from M27, the Dumbbell Nebula in Vulpecula. frame edge. Calibration helped to reduce this, 
Comparing non-cooled and cooled images side- but it does add extra work to get decent results. 
Selecting a lower gain helped reduce glow and noise, 
but we needed longer exposures to compensate. 

We used a 0.63x focal reducer on our telescope 
for larger targets such as The Andromeda Galaxy. 
We were impressed at how well the camera coped 
with the galaxy’s bright core and retained the 
delicate and easily lost dark dust lanes that subtly 
appear to cut into it. Frost on the sensor’s surface 
is a potential issue at low temperatures, something 
ZWO has addressed by fitting desiccant tablets 
inside the sensor chamber. Unfortunately, despite 
being a new camera we found that frost still 
appeared with temperatures in the lower part 
of the recommended range. 

This is a superb one-shot colour camera for 
imaging the Moon and brighter planets, and it’s 
great for white-light filtered solar images too 
(colour cameras aren’t suited for hydrogen-alpha or 


> A 300-second exposure 
of M31's core, showing 
subtle dust clouds across it. 
Sensor temperature was 
-8°C (23°C below ambient) 


calcium-K solar imaging). However, this model has 
the ability to produce some excellent deep-sky images, 
but only with a fair bit of effort. If youre wondering 
whether it’s worth the extra money, the active 
cooling definitely makes a positive difference. © 


VERDICT 


BUILD & DESIGN 
CONNECTIVITY 
EASE OF USE 
FEATURES 
. * ; : e E : me 
4 Single, unprocessed and uncalibrated frames of M27 imaged at 15°C (left) and IMAGING QUALITY 


-10°C (right); note the amp glow against the bottom and right hand edge of frame OVERALL KAKKK 
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. For pcgee hel pfu Ediice 
_ at Unit A3, St George’s Business 
Park, Castle Road Sittingbourne, Kent ME10 3TB. 


01795 432702 
www.fltelescopes.co.uk 


~ 
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Sky-Watther Keehtiey 
Be amazed. 


SSE 


ALTAIR mud. 
LIGHTWAVE 


STARWAVE™ 


a fnng a The Home Counties Astronomy Specialists 
2 Centre Te: 01442 822997 


friendly Experts 


with over 100 telescopes 
& binoculars on display 


e@ Extensive range of 
binoculars. & 
spotting scopes 


e@ Friendly 
face-to-face advice 


Excellent aftersales support 
Beginner package deals 
Great prices and value 


One of the UK’s largest 
displays of telescopes 


Showroom open 5 daysaweek - Free on-site parking 


Unit 15, 

The Old Silk Mill, 
5 eo ; Brook St, Tring, 
p=) enquiries@tringastro.co.uk Herts, HP23 5EF 


f facebook.com/tringastro é,) www.tringastro.co.uk 


vv @Tring_Astro 


“They fit like a glove has never been so apt; using a professional camera 


you need good grip and dexterity, they enable me to feel the camera 
controls like my own skin but with the added bonus of keeping my 
hands warm and dry.” 


Incredilble touch and feel - you won't realise 

you’re wearing them! 

Unrivalled grip in dry, wet or humid conditions 

The perfect fit - available in 14 sizes 

A choice of 6 colours, two styles and two cuff lengths 
Durablility - machine washable and long-lasting 


0845 6039075 


INFO@MACWET.COM | WWW.MACWET.COM 


GALAXY ON GLASS 


Spectacular wall art from astro photographer Chris Baker. 
Available as frameless acrylic-aluminium mix or framed backlit 
up to 1.2 metres wide. A big impact in any room. 

All limited editions. 


www.cosmologychris.co.uk/glassart 
www.facebook.com/galaxyonglass 
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TRIED & tested 


We review well-established equipment that's stood the test of time 


VITAL STATS 


e Price £3,395 
plus delivery 

® Style Traditional dome 

¢ Dome size 2.2m 
diameter 

¢ Finish Fibreglass 

¢ Aperture size 0.6m 

¢ Supplier Pulsar 
Observatories 

° www. 
pulsarobservatories. 
com 


¢ Tel 01366 315006 


SKY SAYS... 

The Pulsar 
observatory has 
been a great 
boon to our 
imaging sessions 
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ome obs servatory 


A dome of your own that works in a typical back garden 


WORDS: STEVE RICHARDS 


nstalling an observatory is a great leap 
forward in convenience because your 
equipment is instantly available for use on 
those evenings with clear skies. You can build 
one with a roll-off roof relatively easily, but making 
a domed one is much more complex. Buying a 
ready-made one is the more popular choice. 

The 2.2m Pulsar domed observatory described 
here is supplied as a comprehensive kit that needs 
assembling, though Pulsar will install it for you 
at additional cost provided you have completed 
the groundwork in advance. 

Full instructions for preparing a suitable base 
(you have the choice of concrete or decking) 
including the installation of the mount’s pier are 
available for download. We opted for a concrete 
base, comprising an isolated central block for the 
pier and a conventional concrete platform for the 
observatory walls to sit on. Before pouring the base 
concrete, we laid in several conduits to allow for 
mains power, network cabling, security alarm 
cabling and a drainage pipe for the dehumidifier 
that we were going to install. 

The observatory was delivered in sections: four 
quadrants each for the walls 
and dome, plus the shutter. 


Name Mike Hardwick 
Location Kings Lynn, Norfolk 
Product Pulsar 2.2m dome 
Owner since May 2014 


Having viewed a 2.2m dome at the 


This design allows the components to be delivered 
to locations without wide access, which was a 
prerequisite for our site — a typical back garden. The 
quality of the fibreglass mouldings was excellent, 
with a rich white gloss external surface and a matt 
black paint finish to the inside of the dome sections. 


It’s not as complex as it looks 
Assembly is very simple, requiring only a set of 
spanners, and it can be completed by two people 
with average DIY skills. The dome and wall sections 
bolt together through pre-drilled holes in their 
flanges, after the application of a bead of silicone 
down their edges. Once assembled, the cylindrical 
wall is bolted to your base and the support and 
thrust wheels are fitted to the top of the walls to 
support and guide the dome section. 

The shutter is then installed on the dome section, 
with its nylon retaining wheels and the simple pulley 
system attached. Finally, the dome section is lifted 
up and on top of the walls. We were very impressed 
with how effortlessly the dome section rotated and 
how easy it was to open and close the shutter. 

The observatory can be supplied with an azimuth 
motor drive and controller to automatically rotate 
the dome section — this can also be added later as» 


OWNER’S OBSERVATIONS 


charged in the winter. | subsequently 
installed a bigger panel after | realised 
| had sited my dome in May, when 

the Sun is high in the sky. In November, 
the lower Sun rarely shone on the 
dome, hence additional panels and 


factory | was impressed with the quality 
and the enthusiasm of the staff at Pulsar. 
Eight weeks later | had assembled my 
dome with my son without problems. 


| Software setup for tracking was initially 


challenging but not the fault of the dome, 

and | soon got the system up and running. 
| use my dome remotely but noted 

the solar panel did not keep the battery 


control system. It’s not a fault of the 
dome, but something to bear in mind 
when you are thinking about where 
to site your observatory. 

| love my dome and would recommend 
it fo anyone, | can image even in strong 
winds when my roll-off roof friends are 
grounded. A big expense, but one that 
| feel has been fully justified. 
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The dome section rides on eight rubber wheels with ball 
bearing supports. Set at right angles to these are eight 
thrust wheels, which keep the dome centred on the top of 
the observatory wall. These work so well that the dome 
can be rotated under the pressure of a single finger. 


The dome section has a sliding shutter that exposes an 
opening 600mm wide that is suitable for telescopes of up 
to 12 inches in aperture. The design allows the shutter to 
open past the centre of the dome, thus allowing telescopes 
to easily point at the zenith with an unobstructed view. 
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Although the dome section is very unlikely to lift even 
during storm conditions, as an extra precaution the 
observatory is supplied with two dome locks. These 
locks are set at 180° from one another and simply swing 
into place when required, negating the risk of ‘lift-off’ 
and adding additional security against a break-in. 


Qrusser Observatories 


Security and convenience 
are important aspects of 
an observatory and the 
chrome finished door 
handle allows both easy 


access through the 
observatory door and 
a secure method of 
keeping it shut during 
an observing session. 
The handle is lockable 
from the outside to 
give a level of security 
when the observatory 
is unattended. 


» an upgrade. There is a further upgrade to 
incorporate a motorised shutter. For our observatory, 
we opted for both of these upgrades and they proved 
a very worthwhile addition, allowing fully 
automated operation of the dome during our 
imaging sessions. Other options include up to three 
large accessory bays to give extra storage space for 
your gear, interlocking floor tiles and an intruder 
alarm, though we didn’t include any of these. 

The design of the observatory makes it completely 
weatherproof. In the heavy rainstorms and gales 
that hit southern England during the summer of 


VERDICT 


The observatory can be fitted with an azimuth drive unit that can be set 
to rotate the dome section at sidereal speed rate. Alternatively you can 
use a computer to control rotation, using the supplied free software to 
ensure that the telescope always points through the centre of the aperture. 


2015, not a drop of water entered the observatory. 
However, as an extra precaution against severe 
winds, the dome section can be held fast to the 
walls using the supplied ‘dome locks’. For security, 
the door to the observatory can also be locked. 

We found that when left ajar, the door acted like 

a sail even in the lightest breeze, so we installed 

a post and a simple cabin hook to clip it to when 
open, which stopped it swinging about. 

With all our imaging equipment installed in the 
observatory, there was still plenty of room for up to 
three people although you do need to carefully 
shuffle past the counterweight bar if you are using a 
large equatorial mount. 

The Pulsar observatory has been a great boon to 


ASSEMBLY our imaging sessions and we wouldn't hesitate to 
BUILD AND DESIGN recommend it to astronomers of any experience 
~ EASE OF USE level. Do note that any electrical connections should 
2 FEATURES be installed by a qualified electrician; an alternative 
Z would be to use a caravan extension cable from your 
w UPGRADABILITY eee house with a matching socket installed on one of 
<j OVERALL 
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New releases from 


AM BERGE BY 


PUBLIS HING 


Collins 


The first published biography 

MISTRESS OF | ofthe remarkable British woman, 

SCIENCE Janet Taylor. 

ray or ne estankanie aver rvton A nineteenth-century navigator and mathematician who left an 
incredible mark on the male-dominated field of sea navigation. 
By the age of nine her astonishing intellectual abilities were 
already apparent and she was awarded a special scholarship 
by Queen Charlotte. She excelled and maintained a position of 
leadership in her chosen profession for over thirty years, as well 
as raising a family of eight children and three step-children. A 
woman far ahead of her time, here is the story of Taylor’s modest 
beginnings and her incredible rise to prominence. 
9781445659855 £20 in Hardback 


NEER OF 5 


JOHN S, GROUCHER & 
ROSALIND EF CROUCHER 


Strange ideas from the scrapheap of history 


Unearths the most extraordinary attempts to 
understand the world around us. 


9781445648378 £18.99 Hardback 


ORGOTTEN& 


STRANGE IDEAS FROM THE 
SCRAPHEAP OF HISTORY 


YW @amberlybooks f facebook.com/amberleybooks 
E. sales@amberley-books.com T +44 (0)1453 847800 
www.amberley-books.com 


Large [truss-tube 
««... Lobsonians 


la 


Made in Nottingham, UK 2s 
-dobsonians.co 


. North Down Telescopes — 


Northern Ireland’s only dedicated astronomical equipment supplier and advice service. 
Beginners welcome! Most major makes supplied. Free advice given on telescopes, 
observatories and binoculars. New and second-hand equipment available. Trade-ins welcome 


07799 434030 © s.mccrea980@btinternet.com ¢ www.northdowntelescopes.co.uk 


boned 


Collins 


2017 GUIDE 


to the 


NIGHT SKY 


Storm Dunlop and Wil Tirion 


The 
best-selling 
month-by- 
month guide 
to the sky 
above 


x 
A MONTH-BY-MONTH GUIDE To EXPLORING 
THE SKIES ABOVE BRITAIN AND IRELAND 


Available to buy online and at all good book stores from 
08/09/2016 | Collins | £6.99 | books.harpercollins.co.uk/astro 


PLANET EARTH EDUCATION 


A popular and long standing provider of astronomy distance learning 
courses. All courses enjoy an excellent reputation and a certificate is 
awarded for each completed course. Students have easily accessible, one- 
to-one contact with their tutors. Five astronomy courses available: 

- GCSE Astronomy - for a certificate 

- PEC Nature of the Planets - learning for fun about the solar system 

- PEC Nature of the Stars - learning for fun about the night sky 

- PEC Astronomy - to GCSE standard but without the exam 

- PEC Advanced Astronomy - for the more dedicated student 


Also available: The Mobile Stars Planetarium — an exciting educational 
experience for children in schools and for scouting groups. 


F&F 0161 653 9092 | www.planeteartheducation.co.uk 
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New astronomy and space titles reviewed 


The Search for 
Earth’s Twin 


Stuart Clark 
Quercus 
£20 @ HB 


The belief that other habitable worlds exist 
beyond the place we call home is at least as 
old as the inquiring human mind. As our 
astronomical knowledge has developed 
over the last half millennium or so, we 
have often returned to this most basic 
of conundrums. But only in the past 
20 or 30 years has our technological 
expertise been sufficient to attempt a 
definitive answer to this ancient mystery. 
Stuart Clark’s latest popular offering, 
The Search for Earth’s Twin, is the first 
dedicated review of those past 
few decades of research. 
Nowhere else have the 
salient facts, personal 
stories and hopes 
for the future been 
brought together in a 
compact form for the 
armchair enthusiast. 
This is not a book 
about the possibility of 
extraterrestrial life. It 
concerns only the attempt 
to find a planet beyond our 
Solar System that is 
essentially Earth-like, though 
the definition of what is 
‘Earth-like’ is far from clear. It is a story 
rooted in the early 1990s as several groups 
of astronomers realised that modern 
spectroscopic instruments could be 
designed to detect the tiny wobbles of 
nearby stars caused by orbiting planets. 
In many respects the story is about the 
progress of the engineering, the pursuit of 
finer accuracy, although Clark’s narrative 
focuses primarily on the characters and 
politics of the plot. 
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We're looking for an Earth-like 
world, but what that really 
means is still a point of debate 


STUART CLARK 


THE EXTRAORDINARY, CUTTING-EDGE STORY OF 
THE SEARCH FOR A DISTANT PLANET LIKE OUR OWN 


ee | 


Hunting for planets is not only the 
jurisdiction of spectroscopy, of course. 
Interferometers, theoretical work and 
transit studies have also played an 

important part in the pursuit. 
Clark ably guides us through 
these and other research 
areas, detailing the 
techniques, the 
controversies and 
the results, whilst 
diplomatically 
recounting the 
personal costs to 
the protagonists 
and the disappointments 
of the cancelled 
Terrestrial Planet Finder 
and Darwin missions. 

Although a short 
book, and one that due 
to its subject matter is 
likely to need updating every six months, 
this account is engaging and entertaining. 
Of course, including here the necessary 
‘spoiler alert’, the last chapter of this book 
is not yet written. We can only hope that 
the next edition of The Search for Earth’s 
Twin includes the discovery of one. 


tok k 


DR ALISTAIR GUNN is a radio astronomer 
at Jodrell Bank Observatory in Cheshire 
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TWO MINUTES 
WITH STUART CLARK 


ft 


Why is it important that 
we find a planet just like 
our own? 

It is a driving ambition of humankind to 
find life elsewhere. While there are places 
on the worlds of our Solar System where 
microbial life may be found, we would 
really like to find whole biospheres. This 
means looking at planets around other 
stars. Finding a world like our own is a 
good way to start, because then we would 
know that widespread life could be possible. 


Is our Solar System unique? 

So far our searches have not discovered 
Earth’s twin planet. This is somewhat 
surprising considering that more than 
3,000 other planets have been found. It 
is becoming clear that many planetary 
systems are more compact than our own, 
with planets squeezed closer to their 
parent stars. Also, very few planetary 
systems follow our Solar System in having 
smaller rocky planets followed by larger 
gas giants. Most others seem to be alll 
mixed up. While our Solar System is not 
unique, it is extremely rare. 


If we do find another planet that could 
support human life, is it likely to be 
already taken? 

That’s the big question! Once a planet is 
habitable, does it become inhabited? Does 
life automatically begin from some obvious 
chemical reaction? We have ideas but no 
theory for how life began. Also, once life 
exists, does it evolve intelligence? There 
seems to be no obvious reason for that to 
happen. We humans have existed for 
only a short time in the grand scheme of 
things. Finding the answers is why we 
must go searching for Earth’s twin planet. 


STUART CLARK is a fellow of the Royal 
Astronomical Society and an author 


50 Things You 
Should Know 
About Space 


Raman Prinja 
QED Publishing 
£8.99 @ HB 
PA X 3 
@> 


Tm sure if we 


_ on social media, 
Q® many of us 

p EC Xt) { would click it. 

| sos 50 Things You 
Should Know 
About Space sounds like it should be a 
set of amazing facts accompanied by 
amusing images. But this book is far 
more than just a list of facts. 

The aforementioned 50 things are 
more ideas or concepts, such as “stars 
are not forever” or “the mysteries of 
Saturn”. Split into seven sections, the 
author tackles subjects ranging from 
observations of the planets to the 
future of the Universe. Each section 


Mars One: 
Humanity’s Next 
Great Adventure 


Edited by Norbert Kraft, James R Kass 
and Raye Kass 

BenBella Books 

£16.99 @ PB 


Would you like to 
spend the rest of your 
life on Mars? 
Probably not. But 
many thousands of 
people from across 
the globe have 
signed up to be 
among the first 
colonists of another world as part of the 
Mars One programme. The plan: to send 
a four-person crew on a one-way trip to 
the Red Planet by 2027. 

When I first heard about Mars One — the 
dream of two Dutch space entrepreneurs and 
backed by Nobel Prize-winning physicist 
Gerard ’t Hooft — I didn’t take it seriously. 
No hardware has been delivered so far and 
it’s unclear whether the proposed sale of 


contains a mini contents along the 
bottom with useful cross-references 
to guide the reader. 

It is a little unusual to start with 
cosmology, which is more abstract 
compared with the more familiar topics 
such as the planets. While that might be 
initially off-putting to the uninitiated, 
it does mean that it starts with a bang! 
The text is large and at a nice general 
level, suited to interested beginners, 
but there’s bound to be something in 
here for the more familiar readers. 

Illustrations include some of the latest 
imagery from ground and space-based 
observatories displayed in full, glossy 
colour, which make the book vibrant, if 
sometimes a little busy. These are nicely 
combined with clever infographics about 
various objects and concepts. However, 
while this is indeed an informative and 
beautifully presented book, it is not 
wholly clear to me that it is as focused 
as the title implies. 


tok 


CHRIS NORTH is Odgen Science 
Lecturer and STFC Public Engagement 
Fellow at Cardiff University 


international rights to a reality TV show 
would provide the necessary funding. 

But even if the project never succeeds, 
this book is an entertaining read. Edited 
by former NASA space psychologist 
Norbert Kraft (now Mars One’s chief 
medical officer), it covers all possible 
aspects of the mission and requirements 
of the first crew: technological skills, 
creativity, cultural and psychological 
issues. One chapter even goes into the 
legal issues of establishing a Mars colony. 
Quotes from interviews with Mars One 
candidates paint a picture of an idealistic, 
romantic bunch of people who believe 
that the project can set a new, peaceful 
course for humanity. 

I still don’t take Mars One seriously, but 
the topics in the book are relevant to the 
future of manned Mars exploration in 


general. As ’t Hooft writes in his foreword: 


“Maybe [Mars One] won’t succeed in its 
primary mission, but whatever errors it 
makes now will be extremely instructive 
for the next initiatives.” 


kak 


GOVERT SCHILLING is an astronomy 
writer and author 
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Eyes on the Sky: 
A Spectrum of 
Telescopes 


Francis Graham-Smith 
Oxford University Press 
£25.00 @ HB 


People have been 
fascinated by the 
night sky since 
antiquity, but 
several centuries 
had to pass for 
previously 
unknown stars to 
be brought into view. Eyes on the Sky 
reveals the history of telescopes and 
mankind's efforts to discover distant 
planets, while at the same time retaining 
a sense of wonder: despite being located 
in the thin skin of an insignificantly-sized 
planet, we are able to describe the 
vastness of the Universe. 

This is not the first book in which Francis 
Graham-Smith, one of the world’s leading 
radio astronomers, tells us the story of the 
unseen cosmos. However, Eyes on the Sky 
effectively splits starlight into a spectrum 
by presenting telescopes in different 
wavelengths, from the time of Galileo to 
the most powerful radio or gamma-ray 
telescopes of today. The book shows how 
rapidly cosmology has been expanding 
and how it has demanded new generations 
of bigger telescopes. By sharing his own 
experience, Graham-Smith explains how 
the act of observing has transformed over 
the last 50 years, allowing researchers to 
spend most of their working time away 
from telescope sites. 

The book explains complicated physics 
and reveals the challenges, failures and 
victories of the world’s most famous 
telescopes with simplicity. Readers who 
are not familiar with technical lingo and 
astronomical units may find parts 
challenging, but it should not affect the 
charm with which the author illustrates 
mankind's thirst to look into the Universe. 


took Ik 


SANDRA KROPA is a science journalist 
and writer 
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Gear 


a © 


1 Celestron Power Tank 
Price £150 © Supplier 365 Astronomy 
020 3384 5187 © www.365astronomy.com 


Charge your computerised scope while 
you're out observing with the aid of this 
7Ah, 12V power tank. A large panel on 
the side can be used to provide either 
white or red light. 


2 Moon Phase Notebook 


Price £4.50 © Supplier Royal Observatory 
Greenwich ® http://shop.rmg.co.uk 


This 36-page plain paper notebook features a 
diagram of the Moon's phases on its cover, with 
an explanation of the lunar cycle on the back. 


3 SynScan USB to Serial 
Converter Cable 

Price £14 © Supplier Harrison Telescopes 
01322 403407 ¢ www.harrisontelescopes.co.uk 


The 1.5m cable allows you to link a telescope 
handset and computer, allowing you to use 
planetarium software to control your mount. 


4 Altair Lightwave Flat Field 
Tele-Extender Barlow Premium 
Price £85 © Supplier Altair Astro 

01263 721505 © www.altairastro.com 


This Barlow lens extends your focal length with 
minimal field curvature and excellent colour 
correction. It is threaded for 1.25-inch filters. 


5 MacWet Climatec Gloves 
Price £29.99 © Supplier Mac Wet 
0845 603 9075 © www.macwet.com 


Protect your hands from the elements while 
maintaining excellent grip with MacWet's 
gloves. The fleece lining keeps hands warm, 
but the close fit means there is little dexterity 
loss when manipulating equipment. They're 
also touchscreen sensitive. 


6 Make Your Own Spaceship 
Price £17.95 © Supplier Laurence King 
020 7841 6900 ¢ www.laurenceking.com 


Great for little astronauts, this kit lets you 
construct cosmic craft without the need for 
scissors or glue. Either make one of the 12 
colourfully decorated cardboard spaceships, 
or use the blanks to design your own. 
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Holiday under some of the Hutnett skies | in England 


Astronomy as it should be! 
Observe the night sky at its best 
with our observatory based 50cm 
Dobsonian, or image with a dome 
based, equatorial mounted, 18cm § 
Maksutov-Newtonian. a 
Enjoy comfortable, self catering 
family accommodation. Located 
close to the North Devon coast, 
this is a wonderful all year round i 
holiday destination. Dark skies, 
clear southern views and great 
countryside. All levels of interest [BS 
are welcome. Visit our website for 
details or phone 01409 241719 


www. AstroAdventures.co. sk 


GALLOWAY ASTRONOMY CENTRE 


Helping people discover the Night Sky 
Located near the UK’s first Dark Sky Park. Let us be your guide to all the 
wonders of our beautiful night sky. The planets, star clusters and galaxies are 


waiting for you. For help buying or using a telescope talk to us first. 
Our Stargazer Gift Voucher is a great gift at any time. 


At the Centre we provide: 


¢ B&B style accommodation & evening meals 
e Telescopes up to 16-inch e Short Astronomy Courses 
e Skywatcher & Celestron dealer 


Prices from only £26 pppn. Children and pets welcome. 
To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire, 
Scotland DG8 8NE ¢ @& 01988 500594 e enquiries@gallowayastro.com 


www.gallowayastro.com 


33” equatorial in 

wine-growing region 

of rural France. 

Observing and CCD 

imaging. 17th century 

B&B €50 per person 

60 minutes to historic 

Luxembourg, 30 minutes to the battlefields of 
Verdun. Protected dark skies in Lorraine National 
Park. Weekend breaks & holidays. 


Please contact Matt: observatoryt83@gmail.com 
+352 621 291849 http://observatoire.t83.free.fr 


3¢ JURASSICJEWELLERY 


www.jurassicjewellery.co.uk 


Catch « Qe 
- Falling Star 


gBuy Online from A Tie Collection off ‘a 
_™ Meteorite And Fossil Jewellery 


pe 


:, Moon Dust’. “Necklace With ’ 
» Necklace, .- 


‘Tron Meteorite * 


* Silver Star . 7 : 


Call 020 33 845 187 between 9am - 8em 7 days a week, 
.365astronomy.com 


Our HI-LUX coating can be applied to almost any =| 
reflector, in virtually any condition or no matter how \ 
old. Improves the reflective efficiency of your mirrors. 


Find out more on 
our website: 


or call / email 


ORION optics ux 


tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 
wwvw.orionoptics.co.uk 


NEW DISCOVERY-BLACK LIGHT 


A Get in touch and | will send you a prism, free of 
charge, so you can see the two prisms of coloured 
light around your body. 

& How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

& Read how we are all connected to the sun 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 31X 


See our website 
for full details 


any make! < any age! 
Over time, your telescope will benefit from a 
General Service. We offer you the opportunity 


to help you look after your telescope, regardless 


tay 


care 
of it’s make or age and keep it in tip-top and 


condition. There are many telescopes on the optics 

market but all will perform checked 

much better with regular b 

service and $ 3 

maintenance. é 

ORION optics UK | 
tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 . 
wwy.orionoptics.co-.uk 


FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 
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WHAT | REALLY WANT TO KNOW IS... 


What is the cause of Mars’s mysterious streaks? 


Matt Chojnacki is using a spy satellite to investigate seasonal 


changes that hint at liquid water on the Red Planet 
INTERVIEWED BY PAUL SUTHERLAND 


NASA/JPL-CALTECH/UNIV. OF ARIZONA 


lose-up studies of Mars have helped 
transform our knowledge of the Red 
Planet, but delivered new 
mysteries as well. One of 
these emerged five years ago, when 
we found examples of a peculiar 
feature that seemed to indicate 
there was still running water 
on the surface. 

The intriguing evidence 
was discovered thanks to 
the Mars Reconnaissance 
Orbiter’s HiRISE 
instrument. The most 
powerful camera ever 
sent to another world, it 
helps the spacecraft to 
act like a spy satellite 
around our outer 
neighbour. In 2011, it sent 
back images of dark streaks 
on steep Martian slopes that 
seemed to come and go with 
the seasons. As conditions became 
warmer, the streaks would appear 


and grow, only to fade away again 
during the cold season, then reappear once 
more in the following Martian spring. The streaks 
were given a name — recurring slope lineae (RSL). 


Hints in the data 


There had been hints of these features in earlier 
data from orbiting spacecraft but no one had taken 
much notice because they were so small. HiRISE 
identified more and more of them in its ‘postage- 
stamp’ sized images, which show areas of the 
surface a little under 6km wide and about twice as 
long. The RSL appear in areas that are extremely 
cold, so if they were the result of water it seemed 
likely that the fluid was briny. Water has been 
confirmed at some of the sites due to the presence 
of hydrated salts. 

Despite HiRISE’s small field of view, we could see 
hundreds and maybe thousands of these little streaks 
forming in locations all over the planet. They were 
particularly evident in the Valles Marineris, a 
canyon stretching around the planet’s equatorial 
region. Bright streaks are seen close to some of the 
dark ones, and it could be that these are the result 
of salt left behind after the brine evaporated. 
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The dark lines of recurring 
slope lineae appear in 
Mars’s spring and summer 


ABOUT MATT 
CHOJNACKI 

Dr Matt Chojnacki is a 
planetary geologist at the 
University of Arizona with 
a special interest in the 
morphology of Mars and 
the evolution of its climate. 
He is working with the 
HiRISE team. 


I have been carrying out research based on 
detailed observation of 41 RSL sites in the central 
and eastern portions of Valles Marineris. 
The number of individual flows at each 
site ranged from a handful to more 
than one thousand. 

Some of these streaks 
appeared on elevated ridges 

and peaks, so it seems 
unlikely that they could 

be produced by 

subterranean springs 

—it is improbable that 

groundwater could get 

up there. Instead, we 
have been considering 
the possibility that the 
water is extracted from 
the Martian atmosphere, 
leaving the salts we see 

on the surface. We don’t 
have a clear model as to 
how this would happen so 

rapidly year after year, and the 
mechanisms involved are quite 
challenging. The amount of water 
needed each year to form the streaks just 
in the region my team studied would fill up to 
40 Olympic-sized swimming pools. 

We need to do more research to find out more 
about these intriguing features. It is a relatively 
new form of Mars science, so only a handful of 
laboratory studies have been done so far. More 
work is needed to study the dynamics by which 
these streaks can form, so that we can test 
laboratory models and compare them to what 
is observed from orbit. 

Because the MRO spacecraft is travelling in a 
polar orbit, its images of an individual small area 
of Mars can be separated by days, weeks, or even 
months or years in some cases. It would help us 
enormously to be able to view the sites we are 
studying much more frequently. Fortunately, 

ESA’s ExoMars Trace Gas Orbiter is due to arrive in 
late October. It will carry a camera that is not as 
powerful as HiRISE, but which will be able to survey 
these sites more often, so it should be a useful new 
tool to help improve RSL science. In future it might 
also be useful to fire penetrator probes into the 
slopes to taste what they contain.® 
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Telescope Specialists Since 1785 


od S Dobsonians are the ss 
best value visual telescopes | ae 
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Telescope House A 
are TeleVue Star (A 
Dealers. We always 
have a full range 


of their Plossl, 
Panoptic, Delite 
Delos & Ethos 

/ eyepieces on 

wi * display & ready to 
| test at our 
Starborough showroom 


TeleVue 


The ultimate in 
high quality 
ultra-portable refractors. The 
performance of this scope belies 

its size. Test it out at our showroom 


Telescope House stock the 


largest range of Lunt H-Alpha 
Solar telescopes in the UK. 


SKY] 
We actively encourage you 
L\\y ’ Excellent _ to vist our Starborough Farm 
pressure-tuned Showroom to test out these 


portable Solar Scope —_ remarkable instruments 
- weather permitting! 


Image » 

through ‘ Find your way around 
telescopes P % W) the sky with binoculars 
and binoculars’ ‘tp and telescopes with the 
with the Bresser Bresser Gooseneck 
Universal Smartphone Adapter Smartphone Holder 
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The Southern Hemisphere in October 


With Glenn Dawes 


WHEN TO USE 
1 OCT AT 00:00 UT 


OCTOBER HIGHLIGHTS 
) The Taurid meteor showers are known 

for their slow-moving fireballs, and 
this year the observing conditions for the 
Southern Taurids are ideal. The peak is 
expected around 10 October. With the Moon : 
at first quarter the morning will be dark, and 
this is the best time to catch them. The 
radiant, the area the meteors appear to 
originate from, will be high in the early 
hours, crossing the meridian around 02:00 
EST. This is located near the naked-eye 
stars Omicron (0) and Xi (§) Tauri. 


THE PLANETS 


6) Brilliant Venus continues to dazzle 


Saturn is directly above, next to mag. +0.9 
Antares (Alpha (@) Scorpii), with Mars near 
the Teapot of Sagittarius. Saturn drops in 

altitude, climaxing on the 28th in a 7° line 


low in the western early evening sky. 


DEEP-SKY OBJECTS 


Oo Directly above mag. +2.5 Markab 
(Alpha (a) Pegasi), halfway to mag. 
+1.2 Fomalhaut (Alpha (ct) Piscis 
Austrini), is a great binocular 
triple: Psi () Aquarii (RA 23h 
15.9m, dec. —9° 05’). Mag. 
+4.4 Psi’ lies 0.5° east of mag. 
+4.2 Psi', with mag. +5.0 Psi’ 
0.5° southeast of Psi — giving 
the trio the shape of a crooked 
leg. A small telescope not only 


reveals that Psi' is a double, with a mag. 
+9.9 companion 40 arcseconds away, but 
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15 OCT AT 23:00 UT 
31 OCT AT 22:00 UT 


O VARIABLE STAR 


COMET TRACK 


THIS CHART 


The chart accurately matches the sky on the 
dates and times shown. The sky is different at 
other times as stars crossing it set four minutes 
earlier each night. We've drawn the chart for 
latitude -35° south. 


: STARS AND CONSTELLATIONS 


The northern evening sky holds two 
equine constellations, the most famous 


being Pegasus, its body marked by the Great 
i Square asterism. For us down under, Pegasus 
; is drawn upright. The square’s top left star 
is mag. +2.5 Markab (Alpha (a) Pegasi), it’s 

? common name being Arabic for ‘shoulder of 
! the horse’. Moving 20° west is mag. +2.4 Enif 
(Epsilon (¢) Pegasi), meaning ‘nose’. West 

i is Equuleus, which represents a horse’s 

i head. The name of the alpha star, mag. +3.9 
! Kitalpha, is a contraction of ‘part of the horse’. 


with Antares and Venus. Venus and Saturn 
set by mid evening, the Red Planet just 
after midnight, so the morning sky 
remains the realm of the ice giant planets 
Neptune and Uranus. They set at 03:30 
EST and sunrise mid-month respectively. 


a low-power eyepiece shows another 
double (mag. +7.6 and +8.2, separated by 
25 arcseconds) in the same field, 

0.5° to the west-southwest. 


Spiral galaxy NGC 7606 

(RA 23h 19.1m, dec. 
—8° 29’; pictured) sits 1° 
northeast of Psi! Aquarii. It is 
mag. +10.8 and has a distinctive 
oval disc measuring 1x3 
arcminutes. The galaxy has a noticeably 
brighter centre and star-like nucleus. 
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ie Performance 
-Wat nal che ar Pre eision and Value 


Sky-Watcher astronomical telescopes perfectly integrate the latest optical technology with precision mechanical engineering, 
resulting in designs of superb functionality, versatility and uncompromising levels of performance. 

Sky-Watcher is a World-Leader in the manufacture and design of Premium ED-Apochromatic Refractors, Maksutov-Cassegrain 
and Maksutov-Newtonian optical systems. They provide extremely high levels of performance for both imaging and visual astronomy. 


ESPRIT ED PROFESSIONAL — SUPER APO TRIPLET REFRACTORS 


ESPRIT Super Apo Triplets are instruments of the highest quality with optical performance rivalling or exceeding similar telescopes of even the most famous 
high-end telescope brands. All models feature 3-element objective lens systems with one element made from Japanese Ohara FPL-53 ED glass. Designed for the 
most demanding astro-imagers, but are also fine telescopes for visual observations. The premium, superbly corrected optical systems deliver high-contrast 
images full of detail and zero detectable colour fringing, even on the brightest of objects. 


80mm f/5 OTA ) 100mm £/5.5 OTA 
Field Flattener for Esprit-80ED Please refer to our Field Flattener for Esprit-100ED 
Prod.Code 20187 SRP £119 website for full Prod.Code 20188 SRP £149 


specifications and 
accessories supplied 


“The Esprit-120 really 
performed....1 compared 
its performance with high- 
end Officina Stellare and 
Astro-Physics 105 and 
130mm apos employing 
similar premium glass. 
Even at high magnification 
with a 3mm eyepiece, star 
images appeared just as sharp, 
aberration-free and colourless 
as the best. | was impressed. .. 
In short, the Esprit provided 
first-class optical performance 
visually and photographically” 


SkyNews Magazine 


Prod.Code 10243 


120mm f/7 OTA 
Field Flattener for Esprit-120ED 
Prod.Code 20189 SRP £180 


S ) All-ToU 150mm f/7 OTA 
a0 Field Flattener for Esprit-150ED 
Prod.Code 20190 SRP £210 


Prod.Code 10234 


Prod.Code 10233 


SKYMAX MAKSUTOV-CASSEGRAINS 


Compact tube assemblies housing super high-contrast, high- 
resolution fully multi-coated optical systems, for high-power 


"For the ultimate Maksutov-Cassegrain experience, look no further than the SKYMAX Black-Diamond range. 
Apart from their striking livery, selected models in this series use high-index Schott glass to deliver high power 
capability with a heightened degree of colour correction. For high-resolution lunar and planetary imaging, these 


optical tubes deliver stunning performance for the money." Ade Ashford of www.scopetest.com 
observations of the Moon, Planets and Double-Stars. 


150mm (6”) 
12 OTA ge. 
Y ; 


Supplied with 10mm 
& 25mm Eyepieces (1.25"), 
Star Diagonal (1.25") & Red Dot Finder 


EXPLORER-190IVN PRO ASTROGRAPH 190mm (7.5”) f/5.26 MAKSUTOV-NEWTONIAN OTA 


The exciting Maksutov-Newtonian from Sky-Watcher is just what astrophotographers and serious visual observers have been looking for. 
The Maksutov-Newtonian design combines the best features from the Newtonian Reflector and the Maksutov-Cassegrain to createa 
telescope design that provides truly stunning image quality, providing high-contrast, perfectly flat images, free from false colour. ( 

ie 


Prod.Code 10885 


180mm (7 1”) #15 OTA 


Prod.Code 
10217 x 


127mm (5”) f/12 OTA 


Prod.Code 
10672 


Supplied with 
28mm LET Eyepiece (2'), 
9x50 Finderscope & Star Diagonal (2') 


Supplied with 9mm & 
20mm LET Eyepieces (1.25°), 
9x50.Finderscope & Star Diagonal (2') 


tlie 
Th hy 


The Maksutov-Newtonian design provides large aperture Apochromatic performance, with exceptional field correction, ina 
compact, amazingly affordable package. Stars appear as classic pinpoints across the entire field. Perfectly optimised for modern 
DSLR cameras. The premium optics, including-a Schott glass corrector lens, are housed ina robust rolled-steel tube for excellent 
mechanical integrity. Five internal knife-edge baffles are included.to, eliminate internal reflections and further enhance image contrast. 
The Primary Mirror is made of low thermal expansion Pyrex® glass for a significantly reduced cool-down time. 


“There were pin sharp stars all the way out to the edge of the field. It really is like having a 190mm triplet apochromat in your hands, 
but for a fraction of the cost... the image was nothing short of stunning at both the eyepiece and on the camera, close to matching the 
best | had seen from my C11"...The field of view works incredibly well with larger format CCD or DSLR cameras in particular’... 
"The optics on this telescope are truly first class" Astronomy Now Magazine 


Our Products are Available from Dealers throughout the UK Please Email us for a FREE copy of our 76 page Colour Catalogue 


OPTICAL VISION LTD Importers and Distributors of Sky-Watcher 
UNIT 3, WOOLPIT BUSINESS PARK OPTICAL VISION LIMITED Astronomical Telescopes, Helios, Acuter, 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 SUP www.barrandstroud.com and ‘Zenith’ Microscopes. 


